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INTRODUCTION 
Not until the last fifteen years has a concentrated research effort 
been put forth to find the basic causes of bloat, a nutritional disease 
which has caused great economic loss throughout the history of ruminant 
domestication. Until recently, research at Iowa State University, as 
well as at other stations, has been geared to the immediate need for 
obtaining information concerning methods and materials which might be 
used for prevention and cure of bloat. As indicated by the work reported 
here, the search for an effective prophylactic has apparently been 
brought to a successful close, thus marking the transition at this 
station to research concerned primarily with the etiology of bloat. 
Due to the complexity of factors and interactions involved in the 
bloat syndrome, efforts to correlate the occurrence or level of single 
factors with the occurrence and severity of bloat have frequently been 
disappointing, but nonetheless expensive. A reliable laboratory procedure 
would provide a tool for studying the etiology of bloat as well as for 
screening potential bloat preventives, thereby eliminating much of the 
need for maintenance of large numbers of animals as bloat assay groups. 
Rather successful methods have been devised for measuring foam strength 
and stability (Mangan (1958), Pressey et al. (1963b)). However, since 
bloat is the result of both foam stabilizing agents and rapid gas pro­
duction in the rumen, an attempt to develop an i^  vitro technique which 
would provide a critical measure of both seemed appropriate and was 
chosen as the primary objective of this research. 
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REVIEW OF LITERATURE 
A comprehensive review of literature concerning all aspects of 
bloat is provided by the theses of previous workers at this station 
(Blake (1955), Johnson (1959), Brown (1959), Kassir (1962), Van Horn 
(1962), Shellenberger (1964)) and also by Cole and Boda (1960). This 
review will only summarize current views concerning the etiology of 
bloat and will deal more extensively with laboratory methods which have 
been used to describe the bloat-related properties of rumen fluid and 
plant extracts and with information regarding poloxalene, a highly 
effective bloat preventive, and related compounds. 
Current Views on the Etiology of Bloat 
Most investigators have come to consider foam formation within the 
reticulo-rumen to be the immediate cause of legume bloat (Cole and 
Boda (I960)). Although large quantities of free gas within the reticulo-
rumen provide no serious problem, foam in the region of the cardia inhibits 
the eructation reflex (Dougherty et (1958)) thereby preventing the ex­
pulsion of gas trapped within the foam and causing bloat. 
Since saponins are well recognized foaming agents and occur in bloat-
provoking legumes in substantial quantities, they were one of the first 
plant fractions suspected of being the primary cause of bloat when 
Lindahl et (1954) were able to experimentally produce symptoms of 
bloat in sheep by the oral administration of alfalfa saponins. However, 
the distention noted by these workers was thought to be due to gas re­
tention rather than froth formation. Indeed, Colvin et al. (1955) reported 
that alfalfa saponins administered to sheep caused an immediate inhibition 
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of rumen motility, and Jackson et (1959) found a very high correlation 
between vitro inhibition of muscle respiration by alfalfa extracts and 
occurrence of bloat in cattle grazing the alfalfa, both observations 
pointing to inhibition of rumen motility as being the mode of action by 
which saponins might cause bloat. However, Jackson and his associates 
(Jackson et aj^ . (1962), McNairy e^  al. (1963)) failed in later attempts 
to find a relationship between bloat occurrence and vitro inhibition 
of tissue respiration with either Ladino clover or alfalfa. 
In agreement with the more generally accepted cause of bloat, 
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Jacobson et £l. (1957) found that saponin increased the stable ingesta 
volume increase of rumen contents incubated vitro. Also, Mangan (1959) 
found the saponins of red clover to have considerable foam strength, but 
at a pH lower than is normal for rumen contents under legume bloat 
conditions. 
From the rumens of six steers being fed fresh alfalfa, Gutierrez 
et al. (1958) were able to isolate saponin-digesting bacteria which pro­
duced large amounts of slime and were apparently responsible for heavy 
froth formation in rumen contents. Later, though, these investigators 
(Gutierrez and Davis (1962)) discovered that the ability of saponin-
utilizing bacteria to produce slime is highly variable and concluded 
that saponins are not the primary cause of bloat although they may be a 
contributing factor under certain conditions. 
Several investigators have presented evidence concerning the role 
of pectins in the etiology of bloat. Conrad et al. (1958) reported 
that the principle in alfalfa causing rapid gas production was pectic 
substances associated with the fiber, although Boda and Johns (1962) 
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obtained results quite to the contrary. The action of pectin methyl 
esterase (PME), which has been found in rumen fluid as well as in plants 
(Gupta and Nichols (1962)), on pectins causes an initial rapid gas pro­
duction from bicarbonate by unmasking carboxyl groups (Wright (1961)). 
Thus, pectic acid is produced, forming a gel when present in sufficient 
concentration. Nichols and associates (Gupta and Nichols (1962), Penn 
et al. (1966)) have postulated that the action of PME and a resulting 
increase in viscosity of rumen contents are of primary importance in 
bloat. However, the findings of other workers (Pressey ejt (1960), 
Pressey et al. (1963a), Wright (1961)) leave considerable doubt as to 
the importance of pectins and PME in the bloat syndrome aside from their 
contribution to gas production. 
That proteins as well as saponins form foams of great persistence 
is well known (Bikerman (1953)). Cumper (1953) has concluded that the 
stabilizing of foams by proteins proceeds in three successive steps: 
adsorption at the gas-liquid interface, surface denaturation and finally 
coagulation. Hence, only a surface-denatured protein is effective in 
stabilizing foam. McArthur ejt (1964) have reported finding just such 
a protein, which they designated as 18-S protein, in the leaves of im­
mature alfalfa. This protein was further identified as the enzyme, 
ribulose-l,5-diphosphate carboxylase. Recently, these same workers 
(McArthur and Miltimore (1966)) reported that bloat-producing forages 
contain considerably more 18-S protein than non-bloat-producing forages, 
thereby lending support to the view that 18-S protein is the causative 
agent in plants which gives rise to legume bloat. 
The work of McArthur and associates was inspired by the extensive 
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investigations of Mangan (1959) into the foaming properties of red clover 
proteins and saponins and the rumen fluid of cows on a red clover diet. 
Cytoplasmic proteins and rumen fluid were found to have a maximum foam 
strength at the same pH. Worthington^  found a correlation of 0.72 
(P < .01) between levels of soluble protein in alfalfa and bloat severity, 
although later work (Jeffers et al. (1966)) did not confirm the signifi­
cance of this relationship. The works of Bartley and Bassette (1961), 
Gutierrez et (1963) and Snyder and Underbjerg (1964) give additional 
support to protein as the primary foam stabilizing agent in bloat. 
Mangan et al. (1959) reported that chloroplastic lipids of red 
clover are potent anti-foaming agents which may largely mask any potential 
foaming properties. That such is the case is becoming increasingly clear 
from research with alfalfa being conducted at this station (Stifel^ ). The 
role of other potential anti-foaming agents has yet to be clarified. 
Although a correlation between numbers and types of bacteria in the 
rumen and bloat has generally not been found (Bryant £t jd, (1961), 
Gutierrez and Davis (1962)), Clark (1965) recently reported a very defi­
nite relationship between the dry weight of protozoa in rumen contents 
and the severity of bloat of fistulated cows on a diet of red clover. 
More recently still, Kodras (1966) has observed protozoa capable of 
expelling gas when the host animal received a feedlot ration. Apparently 
W^orthington, R. E., Department of Animal Science, Iowa State 
University, Ames, Iowa. The soluble protein of forage and its relation­
ship to bloat. Private communication. 1964. 
2 Stifel, F. B. , Department of Animal Science, Iowa State University 
of Science and Technology, Ames, Iowa. Chloroplastic lipidrprotein 
ratios of alfalfa leaves. Private Communication. 1965. 
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the role of rumen protozoa in the etiology of bloat has not been fully 
appreciated. 
The net contribution of saliva to the bloat syndrome is not clear. 
To be sure, a substantial portion of salivary bicarbonate is converted 
to carbon dioxide upon coming in contact with the lower pH of the rumen. 
This fact coupled with the increased parotid secretion discovered upon 
inflating the rumen to 20 mm of mercury pressure led Phillipson and 
Reid (1958) to suggest that the pressure-stimulated secretion may be 
important in precipitating a serious condition in a moderately bloated 
animal. The viscous nature of salivary mucoproteins was thought by 
Phillipson and Mangan (1959) to contribute to foam stability, but 
Van Horn and Bartley (1961) and Bartley and Yadava (1961) concluded 
from their work that mucins reduce foam stability and severity. Also, 
Mendel and Boda (1961) found that bloat susceptible cows secreted signifi­
cantly less saliva having significantly higher bicarbonate content than 
non-susceptible cows. 
Laboratory Methods of Bloat-Potential Measurement 
Mechanical foaming methods 
Since bloat is a problem concerned with foam formation, many investi­
gators have devised methods of measuring the foaming capacity of rumen 
fluid and plant extracts, quite often for the purpose of determining the 
effect of certain treatments on froth formation. Some methods have in­
volved simply shaking the fluid or extract or mechanically agitating it 
so that a measurable volume of foam is created. Johns (1954) measured 
the foam stability of strained, centrifuged rumen fluid from sheep on 
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diets of red clover or cocksfoot and of the juices pressed from frozen 
and thawed red clover and ryegrass, by manually shaking them in graduated 
cylinders. In both instances the red clover provided a foam of exceedingly 
greater stability. Virtanen and Williams (1954) used a mechanical shaker 
having a speed of approximately 300 strokes per minute to determine the 
amount of foam produced by 5 g of crushed red clover or timothy in 100 ml 
of water. The samples were shaken until maximum foam volume was reached. 
In this case, also, red clover exhibited the greatest foaming activity. 
Nichols et aA. (1957) used a mechanical shaker to produce rumen fluid 
foams and test the effect of potential defoaming agents. 
In an effort to quantify the foam stability of various extracts of 
red clover, Mangan and Johns (1957) used serial dilutions of the extracts 
to determine the lowest concentration which would give a foam that lasted 
1 hr after manual shaking for 15 sec. With 5.125 mg/100 ml digitonin 
solution as a standard, the foam stability was expressed in terms of 
digitonin equivalents/lOO g of clover. However, the authors concluded 
that there appeared to be no relationship between the degree of foaming 
of plant extracts as determined by the serial dilution method and the 
degree of bloat. 
In his studies to determine the foaming properties of extracts of 
various legumes, Kendall (1966) used a food mixer for creating foams, 
whereas several other investigators (Blake (1955), Brown (1959), Johnson 
(1959), Pounden et al. (1959)) have used a Waring blender for this pur­
pose. In these procedures plant extract or rumen fluid (30-150 ml) is 
beaten for a specified period of time (5-120 sec) and the volume of foam 
is read immediately in the blender or after pouring into a graduated 
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cylinder. In addition, Blake (1955) measured the amount of time required 
for half the foam to disappear while Brown (1959) and Johnson (1959) de­
termined the degree of foam decay in 1 hr, both procedures being a measure 
of foam stability. However, only Blake (1955) was able to show a meaning­
ful relationship between any of these measurements and the occurrence or 
severity of bloat, and Brown (1959) concluded that it was a poor procedure. 
The Ohio workers (Conrad £t al_. (1958), Pounden et (1959)) have also 
used the Waring blender in their "stable foamy mass test" in which suc­
cessive small amounts of chopped or cut plant material are added to 100 ml 
of water in an operating blender until a stable foamy mass is produced. 
Here again, only gross species differences could be detected and there was 
no relationship to the occurrence of bloat. 
Foaming methods utilizing external sources of gas 
A number of researchers have used techniques for creating foam in 
which gas is passed through a fritted glass filter, located at the bottom 
of the instrument, into the solution in question. Generally these instru­
ments are contained in a constant temperature water bath. The details of 
the procedures vary considerably. Mangan (1958) introduced gas at con­
stant rate and pressure into glass tubes of uniform bore for 15 min while 
keeping a constant head of test solution above the fritted glass spargers. 
With this method, also used in later studies (Mangan (1959), Mangan et al. 
(1959)), at least two determinations are made: Dynamic foam stability 
expressed as a.percentage of perfect stability (volume of gas in foam = 
volume of gas injected) and foam strength which is measured by the rate of 
fall of a close-fitting, perforated, brass weight through the foam. 
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Mangan (1958) regarded foam strength as being of primary importance in 
any relationship with bloat, reserving the use of dynamic foam stability 
for solutions having only a low foaming power, Pressey et al. (1963b), 
using an apparatus of somewhat different configuration, found a signifi­
cant (P < .01) correlation (r = 0.56) between foam stability of alfalfa 
extracts, measured by the amount of liquid remaining in the foam at 
various time periods, and bloat severity. Nichols (1959) and his asso­
ciates have determined foam half-life in an apparatus very similar to 
that of Mangan (1958) by passing gas into 50 ml of test solution until 
the total volume is 100 ml. The time required for the volume to recede 
to 75 ml was called the foam half-life. 
In order to screen a large number of defoamers, Shinozaki et al. 
(1962a) designed an apparatus similar in many respects to that of Mangan 
(1958), Nichols (1959) and Pressey et al. (1963b). However, in this 
instance warmed air was introduced into a standard saponin solution by 
applying a 250 mm Hg vacuum at the top of the foam tube. Involving yet 
another variation of the basic design, Lienert and Kienel (1957a) used 
a commercially manufactured apparatus having a plunger which operated 
at 270 strokes per minute within the test solution while gas was intro­
duced. These workers were determining the foaming potential of several 
plant extracts as well as the effects of numerous recognized and potential 
defoamers (Lienert and Kienel (1957b)). 
Foaming as a result of in vitro fermentation 
As a part of their investigations concerning feedlot bloat, Jacobson 
et al. (1957) developed two vitro fermentation measurements, ingesta-
10 
volume-increase IVI and stable IVI, which have been used frequently by 
Jacobson and his associates (Jacobson et al. (1960), Miller and Jacobson 
(1962)) as well as by other workers (Conrad et (1958), Elam et al. 
(1960), Elam and Davis (1962)) in bloat research. In this procedure 
200 ml of rumen contents are incubated at 39°C in a 500 ml graduated 
cylinder for 1 hr; total volume and the volume of the liquid phase are 
recorded; the entire contents are then stirred 12 cycles with a glass 
rod and the volume read again for stable IVI. Although this procedure 
has been used extensively, its capacity to assist in interpretation of 
in vivo results has been quite variable. Results are apparently de­
pendent on time of sampling of rumen contents. Jacobson e_t al. (1957) 
found significant (P < .01) differences in IVI and stable IVI between a 
bloat provocative and a high hay ration but could detect no difference 
between bloated and non-bloated animals when samples were taken 2 hr 
after feeding, nor did these measurements from samples collected 4.5 hr 
after feeding correlate well with bloat. Per cent liquid phase was 
highly correlated (r = 0.83) with bloat, however. In other feedlot 
bloat investigations (Elam et al, (1960), Elam and Davis (1962)), stable 
IVI measurements were again capable of detecting differences in rations 
but had a low correlation (r = 0,28) with bloat within ration groups; it 
was concluded that stable IVI was of little value as a feedlot bloat 
index. Stable IVI is apparently a somewhat more reliable index for 
legume bloat; Miller and Jacobson (1962) found that it correlated 
(r = 0.42) with per cent of animals bloating on alfalfa. Conrad et al. 
(1958) were able to use stable IVI measurements to advantage in their 
investigations into the role of pectins in legume bloat. 
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Blake (1955), Brown (1959) and Johnson (1959) used a modification 
of the procedure of Jacobson et al. (1957) in which only 20 ml of ingesta 
were incubated until maximum volume was reached. All three investigators 
found very good agreement between IVI and bloat occurrence and severity. 
Hungate et al. (1955), using a modified Warburg apparatus, discovered 
that the amount of foam developed in the fermentation flask correlated 
with the degree to which the animal, from which rumen contents were 
obtained, bloated on Ladino clover. By fermenting chopped clover with 
rumen contents, they were able to predict with some degree of success 
whether an animal would bloat in the subsequent feeding. 
Gas evolution 
The rate of gas evolution from vitro fermentations has been used 
by many workers as a tool in bloat investigations. Hungate et aJL. (1955), 
using a Warburg apparatus with an enlarged fermentation flask and mercury 
instead of Brodie solution in the manometer to accommodate larger samples 
and the resulting higher pressures, were able to make significant contri­
butions to knowledge of legume bloat etiology by determining rate of gas 
evolution from _in vitro fermentation of rumen contents collected under 
various conditions. Their findings indicated 1) that bloated animals 
had a higher rate of gas production than non-bloated animals, 2) that 
bloat may occur even when fermentation rates prior to feeding are very 
low, 3) that fermentation of plant juices results in an exceedingly high 
fermentation rate, 4) that there are no differences between bloating and 
non-bloating animals in the proportions of acid, methane and carbon 
dioxide yielded by the fermentation of rumen contents and 5) that rate 
of fermentation prior to feeding is not related to subsequent bloating 
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of an animal. Their coincident observations on foam development have 
already been discussed. 
The modified Warburg technique developed by Hungate and his co­
workers has been used by other investigators (Rosen et al. (1956), Elam 
and Davis (1962), Miller and Jacobson (1962)) although it is more complex 
than other methods. Rosen et al. (1956) investigated the origin of gas 
produced by alfalfa extracts or juice and concluded that the bloat-
provoking power of alfalfa may result from a relative abundance of 
substrate available for microbial decarboxylation. The modified Warburg 
technique, having been found to yield values which correlated with 
bloat (r = 0.65), was used by Miller and Jacobson (1962) to explain 
the action of penicillin although Elam and Davis (1962) did not find it 
to be particularly useful in their work with feedlot bloat. 
Other investigators have measured gas evolution by displacement of 
water or solution, a simpler technique although not so precise, possibly, 
as the Warburg methods. Conrad e^  al. (1958) and Boda and Johns (1962) 
used similar ijn. vitro fermentation methods to discover which fraction 
of the alfalfa plant contributed most to gas production. For reasons 
not fully understood, their respective results lead to diametrically 
opposed conclusions, Conrad e^  (1958) finding the site of greatest 
gas production to lie within the fiber fraction while Boda and Johns 
(1962) consistently found 5 to 10 times as much gas produced by the 
plant juices as by the fiber fraction. Even after making allowances 
for differences in procedure, Boda and Johns (1962) were not able to 
reconcile their results with those of the Ohio workers, 
Pounden et al. (1959) incubated 5 g of chopped plant material with 
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20 g of rumen contents and 10 ml of water for 1 hr while collecting gas 
by water displacement in an inverted buret. Their results indicate that 
the fermentation of alfalfa or Ladino clover,results in a greater gas 
evolution than the fermentation of orchard grass or birdsfoot trefoil. 
These results agree with those of Shinozaki and Sugawara (1957) and 
Shinozaki et a^ . (1957) who found that Ladino and red clover produce 
considerably more gas than orchard grass or birdsfoot trefoil when 
fermented vitro. Furthermore, these workers (Shinozaki et al^ . (1957)) 
discovered, in comparing fresh and dried samples of the four species, 
that drying increased gas production of orchard grass and birdsfoot 
trefoil while it decreased gas production of the clover. 
Miscellaneous measurements 
Although Mangan (1958) was of the opinion that surface tension 
measurements are not relevant to rumen foams, Blake (1955), Brown (1959) 
and Johnson (1959) discovered definite differences in surface tension of 
rumen fluid from bloated and non-bloated animals on feedlot or fresh 
alfalfa diets, Johnson (1959) reported a multiple correlation coeffi­
cient of 0,55 between surface tension and severity of legume bloat, 
treatments, treatment periods and groups while Brown's data (1959) also 
show a definite relationship between surface tension and severity of 
legume bloat in one trial and a correlation coefficient of 0,31 in a 
second trial. The administration of penicillin, although it reduced 
bloat, did not bring about a change in ingesta surface tension (Brown 
(1959)). When the administration of various oils reduced bloat, how­
ever, surface tension of ingesta was also lowered. 
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Blake (1955), Brown (1959), Johnson (1959) and Nichols (1959) have 
also reported using rumen fluid viscosity and per cent ingesta solids as 
indicators of bloat severity. Brown (1959) could find no relationship 
between viscosity and bloat whereas Blake (1955) and Johnson (1959) 
found significant differences between ingesta from bloated and non-
bloated animals. The data of Johnson (1959) and Brown (1959) show 
increasing per cent solids in strained ingesta with increasing bloat and 
Nichols (1959) reported that per cent solids is closely related to 
viscosity (r = 0.88). 
Poloxalene and Related Compounds 
Poloxalene is a nonionic surfactant belonging to the series of 
polyoxypropylene-polyoxyethylene-block-polymer compounds known as 
Pluronics (Wyandotte Chemicals Corporation (1956)). Bartley (1965) 
reported that poloxalene administered via fistula or mixed with the 
grain ration effectively prevented bloat for 12 hr at levels as low as 
5 g daily and that 20 g daily eliminated froth almost completely from 
fistulated cows receiving good-quality alfalfa pasture or soilage. The 
data indicated that the bioat-preventive effect of poloxalene carried 
over into the second day at the 20 g level. Bartley concluded that 
poloxalene approaches the goal for an ideal bloat preventive, i.e., 
100 per cent prevention for at least 12 hr, rapid action, palatability, 
safety and economy, 
Bartley et (1965) tested the efficacy of poloxalene in two sets 
of field trials, each set involving four dairy herds. In the first set 
of trials poloxalene was administered twice daily in a supplement poured 
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over the grain of the treated cows. Holstein cows received 20 g and 
Jerseys 10 g of poloxalene daily. In three herds poloxalene prevented 
bloat nearly 100 per cent of the time whereas severe bloat occurred in 
the control animals. Bloat which occurred in a few large Holsteins in 
the fourth herd was prevented by feeding 40 g poloxalene daily. In the 
second set of trials bloat occurred only in one herd where poloxalene 
was incorporated into the regular herd grain mixture, resulting in some 
cows not receiving adequate amounts of poloxalene. No definite conclu­
sions could be drawn from the second set of trials since controls were 
not provided. 
Essig ejt al. (1966b) reported that 1 lb per head of corn-poloxalene 
mixture (10 g of poloxalene per pound) fed prior to the morning grazing 
of Ladino clover effectively prevented bloat in beef cattle until the 
afternoon when bloat increased somewhat. Administering poloxalene by 
capsule, in addition to feeding 1 lb of corn, was somewhat more effective 
for preventing bloat in the afternoon. Feeding the corn-poloxalene mix­
ture before each grazing (20 g poloxalene daily) prevented bloat both 
morning and afternoon. These same workers (Essig et (1966a)) found 
that administering poloxalene in a molasses block (10 g or 30 g poloxalene 
per pound) to beef steers reduced the incidence and severity of bloat at 
the lower level (13,9 g average daily consumption) but that the higher 
level (46.7 g average daily consumption) was more effective in controlling 
bloat. However, even the high level did not completely prevent bloat, 
and in all cases bloat severity and incidence were higher in the afternoon 
than in the morning. 
Foot £t £l. (1966) also reported that bloat was significantly reduced 
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in Hereford steers fed an average of 10 g of poloxalene per animal daily 
via grain pellets or 27 g per day by way of molasses block (30 g poloxalene 
per pound). In another trial the individual consumption of the poloxalene-
containing block ranged from 0 to 1.8 lb per day. The average for six 
animals varied from 0.66 to 1.10 lb daily. 
The effect of poloxalene on animal health and performance was deter­
mined in trials conducted by Helmer et al. (1965). Levels of poloxalene 
feeding ranging from 10 to 40 g per cow daily gave no indication of dele­
terious effects on milk production, milk fat test, body weight, feed 
intake, reproduction or animal health. Likewise, the results of a trial 
with fistulated cattle fed 10 g of poloxalene daily showed no effect on 
rumen ammonia, pH, volatile fatty acids, lactic acid or vitro cellulose 
digestion. 
These observations are in agreement with the results of complete 
histopathologic, hematologic, urinary and clinical blood studies conducted 
with albino rats by Leaf et al. (1966). Only at a very high level of 
poloxalene feeding (500 mg/kg body weight) were any untoward effects 
noted. At this high level, weight gain was reduced due to feed intake 
depression rather than a toxic manifestation. These workers concluded 
that poloxalene ingestion produced no deleterious effect whatever at 
levels up to and including 200 mg/kg body weight. 
Still further evidence of the innocuous nature of poloxalene is 
provided by the work of Meyer £t al. (1965) in which C^ -^labeled poloxalene 
was administered to a lactating Jersey cow which was sacrificed 10 days 
after administration. Of the total activity, 94.3 per cent was recovered 
in the feces and 4.0 per cent in the urine. No activity was found in the 
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milk, blood or tissues, leading to the conclusion that poloxalene is not 
eliminated in the milk nor deposited in the tissues. 
Earlier, encouraging results had been obtained with another member 
of the Pluronics series, L62. Oxford (1959) tested the effect of L62 on 
rumen ciliates vitro and by dosing one fistulated cow. L61 was also 
tested, but, because of its inferior water solubility, it was not used 
extensively. In the m vitro incubation study L62 concentrations of 
.10 per cent or above killed all the oligotrich ciliates within 3 hr 
although 0.4 per cent did not kill all the isotrichs over a longer period 
and seemed to have no effect at all on the bacterial population. At a 
concentration of 0.05 per cent, L62 appeared to cause reduced motility of 
oligotrichs. Administering up to 75 ml of L62 to a fistulated cow resulted 
in only a transient change in the apparent numbers and types of protozoa 
present in the rumen while bringing about a non-frothing condition in the 
rumen liquor. However, R. T. J, Clark is cited by Reid et al. (1961) as 
having reported no detrimental effect of L62 on rumen ciliates at the level 
of 30 ml per animal daily. 
Along with many other compounds, L61 and L62 were tested as bloat 
preventive and treating agents by Reid et al. (1961) who reported that 
15 ml daily of either product controlled bloat for 24 hr in non-lactating 
stall-fed animals. Lactating cows under grazing conditions required 30 ml 
per animal daily for complete control. With L62, complete control was 
achieved by using 40 ml for large animals and 20 ml for small animals, 
while 30 ml brought about rapid deflation of bloated animals. Although 
efforts to administer L62 in drinking water failed because of its bitter 
taste, Reid et al. (1961) concluded that L61 and L62 were the most useful 
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products yet tested, Johns and McDowall (1962) found that 50 ml of L62 
given as a drench once daily had no effect on milk production or any of 
the several milk fat characteristics measured and concluded that L62 could 
be safely used for treatment of bloated animals. 
Shinozaki et al. (1962b), using a foaming apparatus to screen a 
number of compounds which might be used in bloat prevention, found only 
a few worthy of further study in animal trials. One of these, called 
pronon and described by theta as a polymer of propylene glycol and else­
where as the equivalent of Pluronic L71 (Takeda Chemical Industries, Ltd. 
(1964)), was found to be particularly effective in reducing the surface 
activity and foaming activity of rumen contents of sheep. Further studies 
with mice revealed no palatability problems, and rabbits fed 0,1 g/kg 
body weight gained as well as controls in a 4-week growth trial. Like­
wise, no palatability or health problems were encountered when sheep were 
fed 3 g of pronon daily mixed with 150 g of ground corn. 
Encouraged by these results, Shinozaki et al. (1962a) conducted 
studies which demonstrated that 3 g of pronon per animal daily reduced 
bloat incidence in sheep grazing Ladino clover from 12 per cent to 3 per 
cent (P < .001) in one trial and from 8 per cent to 2 per cent (P < .002) 
in a second trial. Rumen fluid samples collected from treated sheep in 
these trials showed that the anti-foaming power of pronon was still 
evident 8 hr after administration. There was also some evidence that 
rate of fermentation, as indicated by volatile fatty acid levels, was 
increased by pronon feeding. Again no palatability problem was encountered. 
In yet a third report Shinozaki e^  (1963) give the results of a 
trial wherein pronon was absorbed in cocoanut grounds, then mixed with 
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wheat bran to give a final concentration of 3 g of pronon in 110 g of 
mixture, this being the daily feeding level per adult sheep. All sheep 
were individually fed supplement (treated or control) once daily and 
grazed on Ladino clover morning and afternoon. Twelve cases of bloat, 
of which 10 were severe, occurred in the control group while there was 
no bloat in the treated group. Measurement of the foaming properties 
. N 
of rumen fluid from treated animals indicated that pronon was effective 
for more than 24 hr after administration. 
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EXPERIMENTAL 
This research is reported in two main sections, development of 
in vitro fermentation procedures and poloxalene investigations, with 
procedures and results of individual experiments appearing as further 
subdivisions of these main sections. 
Development of In Vitro Procedures 
A number of exploratory trials were conducted in the winter and 
spring of 1964 in an attempt to sufficiently advance the development 
of the ijn vitro fermentation procedure and apparatus so that intensive 
testing could be carried out during the following late spring and summer. 
The primary purpose of these trials was development of technique although 
other information was also gained. 
The original apparatus used to measure gas evolution and foam 
stability consisted of six fermentation tubes, approximately 60 cm long 
and 42-45 mm diameter, placed to a depth of approximately 40 cm within 
a 39° C waterbath having one Plexiglass side. Each tube was connected 
by rubber tubing to a rubber gas-collecting diaphragm and from there to 
a gas buret by way of an appropriate stopcock and manifold system, all 
tubes being connected to a single buret. Early in 1964 three trials 
were conducted with this apparatus, two to determine the effect of 
blending green alfalfa substrate in rumen fluid and a third to measure 
the effect of varying ratios of rumen fluid and alfalfa substrate on gas 
evolution and foam stability. The results of these trials were invali­
dated when it was discovered shortly thereafter that carbon dioxide, the 
principal constituent of fermentation gas, diffuses readily through rubber 
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tubing and, to a lesser extent, through plastic tubing also. Consequently, 
an all-glass fermentation and gas-collecting system was designed with each 
unit having a 3.2 cm X 75 cm fermentation tube which was calibrated in 
centimeters of length for a short time and later in 10 ml increments, a 
100 ml gas buret having an accuracy of 0.1 ml, and the connecting pieces 
of tubing (see Figure 1). All components were joined with ground glass 
joints. The water bath was the same as that used with the original appa­
ratus, providing a constant 39.0° C temperature for the lower 40 cm of 
the fermentation tubes. In August, 1964, a water bath deep enough to 
entirely submerge the fermentation tubes was put into use (see Figure 2). 
General fermentation procedure 
Unless otherwise noted the procedure for 1964 fermentation trials 
was as follows: 25-g samples of fresh or frozen and thawed alfalfa 
which had been cut into l/4-inch segments with a knife were placed into 
fermentation tubes and all tubes were placed into the water bath, flushed 
with carbon dioxide and stoppered. Treatments involved in each trial 
were randomized over the set of fermentation tubes. The tubes and their 
contents were allowed to warm for 10-30 min before rumen fluid was added. 
Dry matter percentage of an aliquot of the green material used was 
determined in duplicate by drying in a forced-air oven at 65° C for at 
least 24 hr. 
Rumen fluid was obtained under vacuum by stomach tube or suction 
strainer (Raun and Burroughs (1962)) from intact steers or by suction 
strainer from fistulated steers, taken immediately to the laboratory and 
strained through four layers of cheese cloth. The collection flask was 
Figure 1. Components of the iji vitro fermentation unit: fermentation 
tube, fermentation tube cap, gas buret and connecting glass 
tubing 
Scale; 1:4.7 

Figure 2. In vitro fermentation apparatus used after July, 1964 
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maintained in a bucket of warm water (36-41° C) except during hot environ­
mental temperatures. One-hundred-fifty ml of rumen fluid were added to 
each fermentation tube in turn at 1-min intervals, each tube being con­
nected to its respective buret before adding rumen fluid to the next 
tube. Those tubes containing alfalfa were removed from the water bath 
after adding rumen fluid, shaken until the mixture appeared homogeneous, 
and returned to the water bath to be connected to the buret. Each buret 
stopcock was open to the atmosphere for 1 min following connection to the 
fermentation tube to allow pressure equilibration within the gas-collecting 
system. Initial ingesta volume was recorded immediately after connecting 
the fermentation tube to the buret and, along with gas volume, at 20-min 
intervals during the 3-hr fermentation. During the fermentation the 
burets were emptied as often as necessary via the three-way stopcock. 
Atmospheric pressure was recorded at the beginning of the trial and 
temperature at each gas volume reading. Generally, l/2 hr elapsed from 
the beginning of rumen fluid collection until the start of the fermentation 
trial although occasionally as much as an hour was required when rumen 
fluid collection was difficult. 
Gas was collected by displacement of a solution containing 5 per 
cent sulfuric acid (v/v) and 20 per cent sodium sulfate (w/v) (Hunter and 
Frazier (1961)). The use of leveling bulbs allowed gas volume determina­
tions to be made at atmospheric pressure. 
The statistical significance of the results reported hereafter was 
evaluated at P < .05 unless otherwise specified. 
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Preliminary trials, 1964 
Flowering vs. vegetative stages of growth and 4-inch tops vs. the 
next ^  inches of plant 
Procedure Two series of trials were conducted, three trials 
in the first series and two in the second, in which 4-inch tops and the 
next 5 inches of alfalfa plants were compared in a factorial arrangement 
with flowering and vegetative alfalfa, the alfalfa having been freshly 
harvested from a greenhouse. Flowering here refers to plants having 
buds and/or blooms whereas vegetative refers to pre-bud plants. 
In the first series, 19 per cent of the plants in the vegetative 
stand had buds; 52 per cent of the flowering stand had buds and/or blooms, 
the remainder of the plants in each stand being pre-bud. Rumen fluid was 
collected from a fistulated steer on an ad libitum alfalfa hay diet. In 
this series the alfalfa substrate was harvested in the morning and held 
under refrigeration while the three trials were conducted in succession 
during the remainder of the day. The ingesta volume, as indicated by 
centimeters of height, was recorded initially and at hourly intervals in 
this series whereas the general procedure was followed in the second 
series. 
Sixty-seven per cent of the flowering stand and 23 per cent of the 
vegetative stand had buds and/or blooms in the second series of trials, 
the flowering stand being 40 days and the vegetative 19 days old. Rumen 
fluid was obtained from a different steer for each trial, and both steers 
were receiving an ad libitum diet of alfalfa hay and grain mixture. 
Results Treatment means are shown in Table 1. In the first 
series there was no difference in net gas evolution per gram of alfalfa 
Table 1. Treatment means for trials comparing flowering with vegetative alfalfa and 4-inch alfalfa 
tops with the next 6 inches of plant 
4-inch tops Next 6 inches 
Vegetative Flowering Vegetative Flowering 
Series I (three determinations) 
Net ml gas/g dry matter 17.1 
Ingesta height increase 3.7 
(cm) 
Series II (two determinations) 
Net ml gas/g dry matter 34.4 
17.4 17.2 16.1 
5.8 4.2 5.8 
29.0 30.6 24,0 
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dry matter (milliliters gas produced by alfalfa plus rumen fluid minus 
milliliters gas produced by rumen fluid alone divided by grams alfalfa 
dry matter) due to treatment. The maximum ingesta volume of flowering 
alfalfa was significantly (P < .01) greater than for vegetative alfalfa 
although no difference was noted between 4-inch tops and the next 6 inches 
in this regard. 
In the second series, the 19-day-old alfalfa and 4-inch tops pro­
duced significantly (P < .01) more gas (net milliliters/gram dry matter) 
than the 40-day-old alfalfa or the next 6 inches, respectively. Maximum 
ingesta volume was not calculated for this series due to large gas 
pockets trapped within the ingesta. 
Effect of various levels of rumen fluid In order to determine 
the influence of ratio of alfalfa substrate to rumen fluid on gas evolu­
tion, four trials were conducted in March, 1964, over a period of 3 weeks. 
Procedure The amount of alfalfa substrate was held constant 
at 25 g for all trials with 75 and 150 ml of rumen fluid used in two 
trials and 50, 100 and 200 ml of rumen fluid used in the other two. When 
using 50 or 75 ml of rumen fluid, it was necessary to pack the alfalfa in 
the bottom of the fermentation tube in order to completely cover it with 
rumen fluid. Greenhouse alfalfa which had been cut and frozen earlier 
was used in all four trials. For the trials comparing three levels of 
rumen fluid, alfalfa tops were used in one and stems with a few leaves 
in the other. Rumen fluid was from a fistulated steer receiving alfalfa 
hay ad libitum. 
Results The average net gas evolution due to the fermenta­
tion of 25 g of alfalfa with 75 or 150 ml of rumen fluid was 70.1 and 98.1, 
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respectively. In the trial where 4-inch alfalfa tops were fermented 
with 50, 100 or 200 ml of rumen fluid, there appeared to be a linear 
increase in net gas evolution whereas the fermentation of alfalfa stems 
resulted in a definite quadratic effect. Net gas evolution values for 
these trials are shown in Table 2. The increase in gas produced by 
rumen fluid alone was linear with increasing amounts of rumen fluid for 
both trials. Although the values for alfalfa stems are lower at each 
level of rumen fluid than for alfalfa tops, a comparison is not in order 
since the values were obtained from separate trials conducted on different 
days. 
Table 2. Net milliliters of gas evolution during 3-hr fermentation^  
Milliliters of rumen fluid 
Part of plant 
50 100 200 
4-inch alfalfa tops 86.2 102.6 132.1 
Alfalfa stems 61.6 79.8 95.7 
E^ach value is the average of two determinations. 
Effect of placing alfalfa substrate in nylon net bags In one trial 
where two sources of rumen fluid were compared in duplicate, agreement be­
tween duplicates was poor. A large variation in the rate of separation of 
the ingesta into liquid and solid portions was thought to be a probable 
cause. 
31 
Procedure A trial was conducted in which the alfalfa sub­
strate was placed into a nylon net bag prior to introduction into the 
fermentation tube. In a second trial a stainless steel weight was also 
placed in the bag to keep the alfalfa submerged in rumen fluid. In 
other respects the general fermentation procedures were followed. Rumen 
fluid was obtained from fistulated steers receiving concentrate mixture 
and alfalfa hay ad libitum. In each trial comparisons were made in 
triplicate. 
Results Simply placing the alfalfa in the nylon net bag 
did not prevent it from rising partially out of the fluid. Therefore, 
the bag was weighted in the second trial. In both trials, placing the 
alfalfa in bags resulted in a reduction in gas evolution which was smaller 
when the bags were weighted. Pockets of gas formed in the bags thereby 
displacing liquid and restricting movement of fermentation end products. 
In these trials the variation among triplicate control fermentations was 
much smaller than had previously been experienced. The variation among 
tubes in which nylon bags were used was no smaller; use of the nylon bags 
was consequently discontinued. 
Summer, 1964 
Since bloat is a result of gas production and foam stability, the 
desirability of being able to measure differences in rate of gas pro­
duction and foam stability due to the alfalfa, independent of the influ­
ence of rumen fluid, was apparent. With this in mind the factors con­
tributing directly to ^  vitro gas production were examined in an effort 
to derive the desired information from in vitro determinations. The 
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factors considered were alfalfa substrate (a), substrate in the rumen 
fluid (p) and microbial activity (7) according to the equation 
Yq, = «7 + P7 (1) 
where Yq, is the gas evolved from the m vitro fermentation of 25 g of 
alfalfa and 150 ml of rumen fluid. 
Also, if a standard (S) is substituted for alfalfa we have 
Yg = S7 + p7 (2) 
Rearranging Equations 1 and 2 gives the.result 
a = (3) 
7 . . 
and 
7 = ILIÎI (4) 
S > 
Since S is assumed to be constant, 7 is proportional to Yg - ^ 7, and we 
may substitute for 7 in Equation 3. 
a = %% - 9? (5) 
Yg - py 
Therefore, a, the gas evolution due to alfalfa, may be estimated 
from the known parameters Yg and P7, the gas produced by rumen fluid 
alone. Similar calculations using ingesta volumes to derive a foam sta­
bility value were not considered meaningful, 
A major portion of the in vitro fermentations conducted in the 
summer of 1964 was aimed at verifying the validity of the a value as an 
indicator of bloat-producing potential of alfalfa. Series of trials 
were conducted from which a values were obtained and correlated with 
bloat scores. Equation 5 was corrected to a constant weight of alfalfa 
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substrate and standard in order to derive the a values used in the 
correlation calculations. 
Correlation trials using a chemically defined standard 
Procedure The bloat-producing potential of the alfalfa 
soilage used for the fermentation trials was assayed using a group of 
18 dairy steers. The management and feeding of this assay group is 
given in a later section (Poloxalene Investigations, Summer, 1964). 
Average daily maximum bloat scores were used in the correlations. 
Since a chemically defined standard is desirable from the stand­
point of reproducability, a standard solution containing 2 per cent 
sucrose, 1 per cent fructose and 4 per cent starch (w/v) was used during 
the first half of the summer although a solution of 5 per cent sucrose, 
5 per cent glucose and 1 per cent starch was tried briefly. Six ml of 
the standard solution were added to 150 ml of rumen fluid in the vitro 
fermentation to provide the value Yg in Equation 5, In these vitro 
trials two tubes contained fresh alfalfa plus rumen fluid, two contained 
standard solution plus rumen fluid and two contained only rumen fluid. 
Sometimes these were duplicates of a single rumen fluid source, but more 
often two rumen fluid sources, bloater and non-bloater steers selected 
from the assay group, were superimposed resulting in a 2 X 3 factorial 
arrangement of treatments within the set of fermentation tubes. The 
alfalfa for the fermentations was taken from large samples obtained from 
the forage wagon or as the alfalfa was being distributed into the feed 
bunks, 
Water was withheld from rumen-fluid-donor steers for 45-60 min 
before sampling. Rumen fluid was collected from intact steers using a 
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l/2-inch garden hose inserted orally in such a way that the tip would 
likely come to rest in the ventral sac of the rumen. To prevent rapid 
damage to the hose, a short section of high-pressure air hose was 
jacketed over the portion of the garden hose residing in the jaw area 
of the animal. 
All other fermentation procedures have been described earlier. Gas 
volumes were corrected to standard pressure prior to use in various 
calculations. No temperature correction was made since the laboratory 
atmospheric temperature was maintained within relatively narrow limits. 
Results Correlation coefficients between average daily 
maximum bloat score or the average maximum bloat score corresponding to 
the time of the fermentation trial (morning or afternoon) and a value, 
volume of gas produced by alfalfa plus rumen fluid, volume of gas pro­
duced by rumen fluid alone, maximum ingesta volume of the alfalfa-
containing tubes or maximum ingesta volume of rumen fluid alone were 
all low and statistically non-significant. This was true whether rumen 
fluid came from animals classed as bloaters or those considered rela­
tively non-susceptible to bloat. Since on several occasions it was 
impossible to obtain rumen fluid from bloaters, the results of only 11 
trials in which rumen fluid from bloaters was used were available for 
days on which bloat occurred whereas 17 trials were conducted with non-
bloaters on days when bloat occurred. As might be expected there was a 
strong relationship between gas production and maximum ingesta volume in 
tubes containing alfalfa plus rumen fluid or rumen fluid alone for both 
bloaters and non-bloaters, although it was markedly greater for bloaters 
in the alfalfa tubes. These correlation coefficients are given in Table 3, 
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Table 3. Correlation coefficients between gas production and maximum 
ingesta volume 
Type of fermentation 
Rumen fluid source 
Bloaters Non-bloaters 
Alfalfa plus rumen fluid 
Rumen fluid alone 
0.81' 
0,93 *** 
0,45 ** 
0 .88  *** 
*** 
'Significant at P < .01. 
Significant at P < .10. 
Significant at P < .001. 
Four steers, two bloaters and two non-bloaters, were used as rumen 
fluid sources for these trials. Direct comparisons of bloaters and non-
bloaters revealed no significant differences (P < .10) in gas production 
or maximum ingesta volume although the bloaters tended to have a greater 
maximum ingesta volume. Indeed, statistical analysis without regard for 
animals within treatments results in a significant difference (P < .05) 
between bloaters and non-bloaters because of the increase in error 
degrees of freedom. 
Standardization trials If a is a meaningful value, the same a 
value should result from the fermentation of the same alfalfa over time. 
To test this relationship, three series of fermentation trials were con­
ducted. 
Procedure Aliquots of chopped 6-inch alfalfa tops were 
frozen and then thawed as needed. Three series of trials were conducted, 
one with the chemically defined standard and, when that standard was 
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found to be inadequate, two others with a dried, ground, alfalfa standard. 
A different batch of alfalfa was used for each series. The ground alfalfa 
standard was late bud stage alfalfa which had been dried at 65° C and 
ground through a Wiley mill. Three g of this standard were used in each 
of two tubes for the m vitro fermentations. Tubes containing the ground 
alfalfa standard were taken out of the water bath and shaken after addi­
tion of rumen fluid to bring about a uniform dispersion of the standard. 
For series I, rumen fluid was obtained from a fistulated steer on a diet 
of fresh alfalfa soilage; for series II and III, rumen fluid was also 
obtained from a fistulated steer receiving oven-dried alfalfa soilage. 
Rumen fluid was collected under vacuum using a suction strainer. 
Results The mean a values and their standard deviations 
were 0,57 + 0,40, 0.161 + 0.016, and 0.172 + 0.033 for the sugar-starch 
standard and for series II and III with ground alfalfa standard, respec­
tively, using rumen fluid from the fresh-soilage-fed steer. Nine trials 
were conducted in series I and II and eight in series III. For the four 
trials in series II in which rumen fluid from the animal on a dried 
soilage diet was used, the mean a value was 0.165; for the eight trials 
in series III, it was 0.166 + 0.019. 
Correlation trials using a ground alfalfa standard 
Procedure The general fermentation procedure was followed 
except that 3 g of the ground alfalfa standard already described were 
substituted for the 6 ml of sugar-starch solution used previously. Tubes 
containing the ground alfalfa standard were taken out of the water bath 
and shaken after addition of rumen fluid to bring about a uniform disper­
sion of the alfalfa standard. Rumen fluid was obtained by stomach tube 
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as previously described from three randomly selected poloxalene-fed 
and three control steers. These trials were conducted only in the 
morning; the steers had been fasted for more than 14 hr prior to sampling. 
Approximately 1 hr prior to rumen fluid sampling, the poloxalene-group 
steers were fed 10 g of poloxalene adsorbed onto ground corn and coated 
with tallow. The control group steers received only tallow-coated ground 
corn. One steer in each group was used for any given trial. Only infor­
mation from control steers will be considered here. Poloxalene-control 
comparisons will be given in a later section (Poloxalene Investigations, 
Summer, 1964). 
Results There was no indication of a relationship between 
morning average bloat score and a value either within rumen fluid sources 
or for the entire 14 trials conducted when bloat occurred. 
Effect of drying the diet of the rumen fluid source In order to 
determine whether meaningful results could be obtained using greenhouse 
alfalfa and rumen fluid from an animal on a dry diet, numerous trials 
were conducted comparing rumen fluid from a fistulated steer on a fresh 
alfalfa soilage diet with rumen fluid from a steer receiving oven-dried 
soilage. Many of the trials involved factorial arrangements of other 
treatments with the two sources of rumen fluid, the purpose being to 
determine the magnitude of interaction between diets and other treatments. 
Procedure Rumen fluid from the two fistulated steers, one 
on fresh and the other on dried alfalfa soilage, was compared in factorial 
arrangement with two segments of the alfalfa plant, 4-inch tops and the 
next 6 inches of the plant. In another series of trials, following re­
versal of the diets, the two sources of rumen fluid were compared in 
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factorial with the presence or absence of a defoaming agent, Schenley's 
defoaming compound #LB1050. This defoaming agent is a white oily liquid, 
the properties of which were not made known. Using a level proportionate 
to that which had been found effective in treating bloat in lambs, 1 ml 
of the defoaming compound was added to the 150 ml of rumen fluid prior 
to introduction into the fermentation tubes. 
In other trials the (X value obtained with the two rumen fluid sources 
was compared. The fermentations were carried out according to the general 
procedures already outlined. Rumen fluid was obtained under vacuum with a 
suction strainer. 
Results Treatment means are summarized in Table 4. There 
were no statistically significant gas evolution effects due to animal 
(diet) or part of alfalfa plant in the eight trials combining these com­
parisons. However, there was a significant difference (P < .01) in 
maximum ingesta volume in favor of animal #5324 (dried diet). 
In the series of nine trials where the two sources of rumen fluid 
were run in combination with the presence or absence of Schenley's de­
foaming compound #LB1050, both gas evolution and maximum ingesta volume 
were significantly higher (P < .01 and P < .05, respectively) for #5324, 
although on the fresh diet in this case. The defoamer increased gas 
production (P < .05) and reduced maximum ingesta volume (P < .01), 
The interaction of rumen fluid source with other treatments was 
very small in both series of trials. The lack of significant inter­
action is substantiated by the small differences in a values obtained 
from the two rumen fluid sources. Summing across all trials within a 
particular animal-diet combination indicates that any differences due 
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Table 4. Treatment means for trials comparing fresh and dried alfalfa 
soilage diets in factorial arrangement with other indicated 
treatments 
Fresh soilage Dried soilage 
Net ml gas/g dry matter^  
4-inch alfalfa tops 22.7 23.6 
Next 5 inches of plant 19.8 22.0 
Maximum ingesta volume (ml)^  
4-inch alfalfa tops 268 298 
Next 6 inches of plant 262 296 
Ml gas 
Control 241 227 
Schenley's #LB1050 250 236 
Schenley's #LB1050 253 243 
Maximum ingesta volume (ml)' 
Control 293 270 
a value, series II .165^  .161^  
a value, series III .166^  .172^  
Ml gas 
Animal #5324 259° 234^  
Animal #5333 209* 242° 
Maximum ingesta volume (ml) , 
Animal #5324 286^  290* 
Animal #5333 267* 267° 
E^ach value is the average of eight determinations. 
E^ach value is the average of nine determinations. 
T^his value is the average of four determinations. 
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to rumen fluid source were animal differences rather than diet effects. 
Fall and winter, 1964 
Since the summer work indicated that using rumen fluid from an 
animal on a dry diet has little, if any, effect on results obtained with 
the vitro fermentation, trials were conducted during the fall and 
winter of 1964 using greenhouse alfalfa. 
Effect of freezing and thawing on fresh alfalfa substrate 
Procedure Because freezing is a common method of sample 
preservation, its effect upon vitro fermentation results was deter­
mined in six trials using 4-inch tops and the next 6 inches of plant 
from greenhouse-grown alfalfa. The alfalfa was cut in the greenhouse, 
transported immediately to the laboratory, divided into the treatment 
fractions (4-inch tops and next 6 inches) and cut into l/4-inch segments. 
An aliquot of each treatment fraction was placed into a deep freeze 
(ça. -25° C) for 45-60 min and then rapidly thawed. The remainder of 
each alfalfa fraction was held under refrigeration during this time. 
The general fermentation procedures were followed. Less than 4 hr 
elapsed between harvesting of the alfalfa and initiation of fermentation 
for five of the six trials. Rumen fluid was obtained from a steer 
receiving a ration of 4 lb of long alfalfa hay and 12 lb of alfalfa 
pellets and was brought to a moderately fasted condition prior to each 
rumen fluid sançling. 
Results Treatment means are given in Table 5. Net gas 
evolution per gram of dry matter was significantly greater for the lower 
segment of the alfalfa plant (P < .05) and the frozen alfalfa (P < .01). 
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Table 5. Treatment means for trials comparing frozen with fresh alfalfa 
and 4-inch alfalfa tops with the next 6 inches of plant 
4-inch alfalfa tops Next 6 inches of plant 
Fresh Frozen Fresh Frozen 
Net ml gas/g dry matter 30.0 40,6 31,5 45,2 
Maximum ingesta volume 265 287 262 267 
However, maximum ingesta volume was greater for the 4-inch tops (P < .01) 
and the frozen alfalfa (P < .01). The interaction between freezing and 
part of plant approached significance (P < .10) for both gas production 
and maximum ingesta volume. 
Effect of adding alfalfa saponin Saponins are one of the con­
stituents of alfalfa which have been suspected of contributing to the 
bloat syndrome. Their effect upon ^  vitro fermentation of alfalfa was 
determined in a series of four trials. 
Procedure Water soluble alfalfa saponin^  was added to 
fermentation tubes containing fresh greenhouse alfalfa prior to the addi­
tion of rumen fluid. Amounts of a 5 per cent saponin solution were added 
to give 0.025, 0,05, 0.10 or 0.20 g of added saponin per tube. General 
fermentation procedures were followed. Rumen fluid was taken from a 
fistulated steer receiving alfalfa wafers ad libitum except prior to 
each trial when it was fasted for at least 13 hr. All trials were begun 
S^upplied by Dr. G. 0. Kohler, Western Utilization Research and 
Development Division, Agricultural Research Service, United States 
Department of Agriculture, Albany, California. 
Table 6. Effect of added alfalfa saponin upon vitro fermentation of fresh alfalfa^  
Alfalfa + added saponin + rumen fluid 
0.025^  0,05^  0,10^  0,20^  
ml gas produced 38 175 183 187 194 209 
Maximum ingesta volume — 251 257 258 256 258 
E^ach value is the average of four determinations.  ^
b 
Grams of added alfalfa saponin per fermentation tube. 
Alfalfa 
Rumen + rumen 
fluid fluid 
V 
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within 2 hr after harvesting the alfalfa. 
Results The treatment means, as shown in Table 6 ,  indicate 
a linear increase in gas evolution with increasing amounts of added 
alfalfa saponin. There was no apparent relationship between maximum 
ingesta volume and added saponin. The time required to reach maximum 
ingesta volume was less with increasing saponin levels in response to 
increased rates of gas production, but a greater volume was not attained. 
Preliminary trials, 1965 
In view of the low correlations found between bloat score and a 
values in the 1964 summer trials, a number of exploratory trials were 
conducted in the spring of 1965 in an effort to discover those factors 
in the fermentation procedure which might have a marked effect upon the 
results of vitro fermentations. 
Comparison of l/8-inch-cut with l/4-inch-cut alfalfa and 4-inch tops 
with the next ^  inches of plant 
Procedure In a series of five trials, greenhouse alfalfa in 
the bud and bloom stages of maturity was divided into 4-inch tops and the 
next 6 inches, and each portion was cut into l/8-inch or l/4-inch segments. 
The common fermentation procedure was followed in all other respects. 
Rumen fluid was obtained from a fistulated steer receiving a ration of 
2 lb of long alfalfa hay and alfalfa pellets ^  libitum except during the 
trials when it was maintained in a moderately fasted condition. 
Results The net milliliters of gas produced per gram of dry 
matter was significantly higher (P < .01) for the l/8-inch-cut than for 
the l/4-inch-cut alfalfa. All other differences in gas evolution and 
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Table 7. Treatment means for the comparison of l/8-inch with l/4-inch-
cut alfalfa and 4-inch alfalfa tops and the next 6 inches of 
plant^  
Next 6 inches 
of plant 4-inch alfalfa tops 
l/8" cut l/4" cut l/8" cut l/4" cut 
Net ml gas/g dry matter 44.9 34.7 42.9 30.7 
Maximum ingesta volume (ml) 267 266 269 263 
E^ach value is the average of five determinations. 
maximum ingesta volume were statistically non-significant. Treatment 
means are shown in Table 7. 
Comparison of l/S-inch-cut with blended alfalfa and 4-inch alfalfa 
tops with a lower segment of plant Since reducing alfalfa substrate 
particle size brought about an increase in gas evolution in the previous 
set of trials, reduction in particle size was carried a step further by 
blending the alfalfa. 
Procedure Six trials were conducted in this series, two 
with pre-bud alfalfa, two with bud-stage alfalfa and two with bloom-
stage alfalfa. The pre-bud alfalfa was divided into 4-inch tops and a 
segment 8-14 inches from the top whereas the bud- and bloom-stage alfalfas 
were divided into 4-inch tops and a segment 9-14 inches from the top. 
Both portions were cut into l/8-inch segments and a 25-g aliquot of each 
was blended for 2 min in a Waring blender in 70 ml of artificial saliva 
solution (McDougall (1948)) under carbon dioxide atmosphere. The blended 
material was quantitatively transferred into a fermentation tube using 
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another 80 ml of artificial saliva. One-hundred-fifty ml of artificial 
saliva were added to two other tubes, one each containing 25 g of l/8-
inch-cut alfalfa tops or lower segment of plant. Two other tubes con­
tained only the l/8-inch-cut portions of alfalfa prior to adding rumen 
fluid. The common fermentation procedure was followed in other respects. 
Rumen fluid was obtained from a fistulated steer receiving a ration of 
2 lb of long alfalfa hay and alfalfa pellets ad libitum except before 
each trial when it was maintained in a moderately fasted state. 
Results Blending the alfalfa more than doubled the gas 
\ 
production as compared to the l/8-inch-cut alfalfa. Adding 150 ml of 
artificial saliva solution to the l/8-inch-cut alfalfa tended to cause 
a significant (P < .10) reduction in gas evolution. Blending also sig­
nificantly increased (P < .01) maximum ingesta volume. Adding artificial 
saliva to the l/8-inch-cut alfalfa had no significant effect on maximum 
ingesta volume when initial volumes are taken into consideration. 
The 4-inch alfalfa tops produced significantly (P < .01) more gas 
than the lower portion of the plant, but there was no significant effect 
due to portion of plant insofar as maximum ingesta volume was concerned. 
The significant interaction (P < .01) in gas production between por­
tion of plant and plant preparation derives from the large difference in 
gas production between blended alfalfa and l/8-inch-cut alfalfa. Even 
though the difference between blended tops and blended lower portion of 
plant is greater than a similar comparison with l/8-inch-cut alfalfa, 
resulting in a significant interaction, the percentage drop from tops to 
lower portion of plant is nearly the same within each method of alfalfa 
preparation. 
Table 8. Effect of alfalfa substrate particle size and artificial saliva upon vitro 
fermentation results^  
4-inch alfalfa tops Lower portion of plant 
1/8" cut 1/8" cut Blended l/S" cut I/8" cut Blended 
+ art. + art, 
saliva saliva 
ml. gas 272 216 576 221 190 463 
Maximum ingesta volume (ml) 265 401 445 , 243 385 453 
E^ach value is the average of six determinations. 
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Treatment means are presented in Table 8. 
Summer, 1965 
The objectives of much of the vitro fermentation work in the 
summer of 1965 were to determine the relationship between an altered 
fermentation technique and the occurrence of bloat and whether the 
fermentation technique is capable of detecting established differences 
in the bloat-provoking potential of different plant species and fractions 
as well as the action of bloat preventives. Also, the fresh vs. oven-
dried alfalfa soilage diet comparisons were repeated with a different 
pair of fistulated steers. 
Fermentation procedure The fermentation apparatus was the same 
as that used in the 1964 trials. However, the alfalfa substrate was 
prepared by passing it through a large capacity food chopper (Figure 3) 
having an end plate with the following specifications: diameter, 8.22 cm; 
number of perforations, 66; diameter of perforations, 0.59 cm. The empty 
screw speed was 87 rpm. More than 300 g of green material were ground in 
all cases and 25-g aliquots were taken from the well-mixed, ground material 
for the fermentations, Aliquots were also taken for duplicate dry matter 
determinations using a forced-air oven at 65° C. The ground alfalfa was 
transferred quantitatively from weighing cans to fermentation tubes using 
50 ml of artificial saliva (McDougall (1948)) as a rinsing solution. The 
dried, ground alfalfa prepared in 1964 was used as a standard. Other pro­
cedures were very similar to those used in 1964 trials. Only deviations 
from these general procedures will be noted for the various trials 
following. 
Figure 3. Food chopper used for preparing fresh plant material for 
1965 in vitro fermentations 

50 
Correlation trials, 1965 
Procedure Two groups of three steers each, randomly 
selected from the bloat assay group of 20 Holstein steers were used 
alternately as the rumen fluid source. Equal volumes of rumen fluid 
from each of the three steers within a group were composited for a given 
fermentation trial. The gas evolution and ingesta volumes resulting 
from the vitro fermentation of 150 ml of rumen fluid with 25 g of 
fresh alfalfa and 50 ml of artificial saliva, with 3 g of alfalfa 
standard, or alone were determined in duplicate. All trials were con­
ducted in the morning when the donor steers had been fasted for more 
than 14 hr. When rumen fluid was difficult to obtain, it was found 
that allowing the steers to eat soilage for approximately 10 min prior 
to sampling helped remedy the situation. 
Alpha values were corrected for atmospheric temperature and pressure 
and dry matter of the fresh alfalfa and alfalfa standard. 
The management of the bloat assay cattle was identical to that 
carried out in 1964 except that no grain supplement was fed. The 
average weight of the assay steers was 541 lb at the beginning of the 
trial. Due to the lack of sufficient rainfall in July and early August, 
bloat provocative alfalfa was not available in any appreciable quantities 
after the middle of July, and the bloat assay was terminated in early 
August. 
Results The data from 13 trials on days when bloat occurred 
were available for calculation of OL values and foam stability index (FSI) 
values. The correlation coefficients between cx value and the morning 
maximum bloat score or daily maximum bloat score were 0.714 (P < .01) 
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and 0,739 (P < .01), respectively. The FSI was calculated according to 
the equation 
Average ingesta volume increase during t^  
FSI = 
ml gas evolved during ^  
where t^  is the period of time between the point of maximum ingesta 
volume and the end of the trial. The correlation coefficients between 
FSI and morning maximum bloat score or daily maximum bloat score were 
0.737 (P < .01) and 0.587 (P < .01), respectively. Multiple correlation 
coefficients for morning maximum bloat score or daily maximum bloat score 
with a value and FSI were 0.884 (P < .01) and 0.871 (P < .01), respec­
tively. 
Grinding the fresh alfalfa substrate resulted in a considerably 
altered ingesta volume pattern with the maximum being reached within 
60-80 min followed by decay of the foam column. The foam column shown 
in Figure 4 is typical of the highly stable foams associated with bloat. 
With the l/4-inch-cut alfalfa, the pattern was an increase in ingesta 
volume until the end of the trial. Or if the maximum was reached prior 
to the end of the trial, there was little, if any, decay of the foam 
column. With the ground alfalfa there was a consistent 1:1 relationship 
between gas production and ingesta volume increase until the point of 
maximum ingesta volume was reached. 
Fresh vs. dried alfalfa soilage diets and 4-inch alfalfa tops vs. 
a lower portion of the plant 
Procedure Two series of vitro fermentation trials were 
conducted in which the four treatments were a factorial arrangement of 
rumen fluid from a steer fed fresh alfalfa soilage vs. rumen fluid from 
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Entire ingesta showing 
separation into liquid 
and solid (foam) 
m 
close-up of top of foam 
column 
Figure 4. In vitro formation of 
occurrence of bloat 
highly stable foam associated with the 
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a steer fed dried soilage and 4-inch alfalfa tops vs. a lower segment of 
the plant. For the dried soilage diet, alfalfa was dried in a forced-air 
oven at 65° C, The fistulated donor steers were maintained in stanchions 
and were given all the forage they would consume during one 4-6 hr period 
each day. Salt, dicalcium phosphate, and water were available at all 
times. These animals were usually fasted for more than 12 hr, and quite 
frequently as long as 17 hr, prior to sampling. 
The alfalfa used in the first series of eight trials was pre-bud and 
bud-stage except for one trial in which bloom stage alfalfa was used. For 
the pre-bud and bud alfalfa the "lower portion" of the plant was that part 
lying between 7 inches from the top and 3 inches above the ground line. 
A segment 9-25 inches from the top of the bloom-stage alfalfa was used. 
After reversing the diets, a second series was conducted consisting 
of two trials with bud-stage alfalfa and four trials with bloom-stage 
alfalfa. In this series a segment of plant 8-16 inches from the top 
made up the lower portion of plant. 
Results In both series of trials net gas production per 
gram of dry matter was higher (P < .01) for the 4-inch alfalfa tops and 
animal #7065 (independent of diet). The 4-inch tops also had a signifi­
cantly greater FSI for both series (P < .025 and P < .01, respectively). 
Animal #7065 maintained a significantly higher FSI in both series (P < .05 
and P < .025, respectively) in spite of dietatfy changes. The interactions 
between rumen fluid source and portion of plant were statistically non­
significant in all cases. Treatment means are presented in Table 9. 
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Table 9. Treatment means for fresh vs. dried alfalfa soilage diets in 
factorial arrangement with alfalfa vs. crown vetch and other 
indicated treatments 
Fresh soilage Dried soilage 
Series 
Net ml gas/g dry matter 
4-inch alfalfa tops 62.6 71.2 
Lower portion of plant 52.5 59.6 
FSI 
4-inch alfalfa tops 5.72 7.44 
Lower portion of plant 4.74 5.31 
Series 11^  
Net ml gas/g dry matter 
4-inch alfalfa tops 60.7 47.5 
Lower portion of plant 45.4 37.6 
FSI 
4-inch alfalfa tops 7.12 6.20 
Lower portion of plant 5.81 4.74 
Net ml gas/g dry matter , 
Animal #7027 57.6^  42.5 
Animal #7065 53.0° 65.4* 
FSI 
Animal #7065 6.47^  6.37 
Animal #7027 5.23f 5.47^  
Net ml gas/g dry matter^  
Alfalfa 69.7 51.3 
Crown vetch 56.8 24.5 
FSI^  
Alfalfa 8.15 6.48 
Crown vetch 3.24 3.17 
E^ach value is the average of eight determinations. 
E^ach value is the average of six determinations. 
E^ach value is the average of seven determinations. 
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Fresh vs. dried alfalfa soilage diets and alfalfa vs. crown vetch 
Since crown vetch is reputed to be a non-bloat-provocative legume, it 
was compared with alfalfa in a series of trials with the objective of 
determining the basis for its non-bloat-provoking nature. 
Procedure In a series of seven trials, the in vitro 
fermentation technique was used to compare 6-inch tops from crown vetch 
in the vegetative state and pre-bud to early bud alfalfa in factorial 
arrangement with rumen fluid from two fistulated steers receiving the 
fresh or dried alfalfa soilage diets described in the previous experi­
ment. The rumen fluid donors were fasted for more than 14 hr prior to 
sampling. 
Results Treatment means are given in Table 9. The alfalfa 
caused a significantly higher (P < .01) gas evolution and FSI than the 
crown vetch. However, the difference in gas production between alfalfa 
and crown vetch was much greater with the rumen fluid from #7027 (dry 
diet) than with rumen fluid from #7065 (fresh diet) resulting in a 
significant interaction (P < .025) between rumen fluid source and plant 
species. For FSI the difference was greater for #7065, However, the 
interaction in this case was not statistically significant. 
Fresh vs. dried alfalfa soilage diets and the presence of Polyclar 
If the plant proteins or a fraction thereof are responsible for ingesta 
foam stability and the resulting bloat, then plant compounds which complex 
with proteins should have an influence on the occurrence of bloat. The 
product of General Aniline and Film Corp., 140 West 51 Street, 
New York, New York. 
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possibility of tannins acting in this capacity has been investigated 
without conclusive results. 
Polyclar L, a cross-linked polymer of polyvinyl pyrolidine, acts as 
a synthetic protein and is used commercially for removing tannins from 
solution. As a test of the hypothesis above, the effect of Polyclar L 
on vitro foam stability was determined in a series of six trials des­
cribed here and in another series reported subsequently. 
Procedure Rumen fluid from the two steers on fresh and 
dried alfalfa soilage diets was used in factorial with the presence or 
absence of 0.5 g of Polyclar L, The Polyclar L was placed into randomly 
selected tubes and mixed with ground, full-bloom, 8-inch alfalfa tops 
prior to adding the rumen fluid. 
Results The addition of Polyclar L had no effect upon gas 
evolution or foam stability in these trials. Rumen fluid from #7065 
provided a significantly greater (P < .01) foam stability than rumen 
fluid from #7027. However, gas production for the two sources of rumen 
fluid was not different. Treatment means are shown in Table 10. 
Effect of Polyclar L on bud vs. full-bloom alfalfa 
Procedure The effect of Polyclar L on in vitro fermentation 
results was determined in factorial with bud vs. full-bloom, 6-inch, 
alfalfa tops in another series of four trials. The Polyclar L (0.5 g 
per tube) was again mixed with the alfalfa substrate before the addition 
of rumen fluid. The alfalfa used in these trials had been growing slowly 
due to lack of moisture. 
Results Treatment means are given in Table 10, During 
some of these trials volume readings were not corrected for the occurrence 
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Table 10, Treatment means for the presence or absence of Polyclar L 
in factorial with the indicated treatments 
Control Polyclar L 
FSI& 
Animal #7027 (fresh diet) 5,61 5.46 
Animal #7065 (dried diet) 6.61 6,72 
ml gas produced^  
Animal #7027 (fresh diet) 448 453 
Animal #7065 (dried diet) 441 451 
Net ml gas/g dry matter^  
Bud-stage alfalfa 69,5 67.1 
Bloom-stage alfalfa 86,5 84,3 
E^ach value is the average of six determinations. 
Each value is the average of four determinations, 
of large gas pockets within the foam columns. Therefore, reliable FSI 
values could not be calculated. The bloom-stage alfalfa tended to have 
a higher (P < ,10) net gas production per gram of dry matter than the 
bud-stage alfalfa. No other effects were significant in these trials. 
Leaves vs. stems of alfalfa Most workers have regarded the leaves 
of bloat-provoking legumes as the primary source of the causative principle 
although some have concluded that it resides with the more fibrous portion 
of the plant. These trials were conducted to discover whether a difference 
between alfalfa leaves and stems could be detected by the vitro fermen­
tation method. 
Procedure After cutting the main stem of the plant 8 inches 
from the top, the tops of the bloom-stage alfalfa used in these five trials 
were discarded and the remainder of the plant manually separated into 
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leaves and stems. Blooms were included in the leaf fraction. These two 
plant fractions were run in factorial with rumen fluid from two fistulated 
steers, both receiving fresh alfalfa soilage, which were in the standard­
ization phase of another experiment. The steers were fasted for more than 
7 hr prior to sampling for each trial. 
Results Net ml gas per gram dry matter and FSI values were 
both significantly higher (P < .01) for alfalfa leaves than for stems. 
Differences due to rumen fluid source were statistically non-significant. 
Treatment means are given in Table 11. 
Alfalfa leaves vs. stems and mature vs. bud-stage alfalfa 
Procedure Portions of plant associated with the main stem 
above a point 8 inches from the top of the plant were used for the six 
trials in this series. The alfalfas used were in the bud stage or reaching 
maturity. Both alfalfas were under considerable moisture stress. Growth 
in the bud-stage alfalfa was practically nil while the maturing alfalfa 
was developing increasing numbers of seed pods during the course of the 
series. The 8-inch alfalfa tops were manually separated into leaf and 
stem fractions. 
Blooms and seed pods of the mature alfalfa were included in the leaf 
fraction and were estimated to have contributed as much as 35 per cent of 
the dry matter of that fraction. The leaves of both alfalfas were damaged 
to some extent, the mature by disease and/or insects and the bud-stage by 
unknown factors (possibly moisture stress), causing a large portion of the 
leaf to wither. Rumen fluid was obtained following a fast of at least 13 
hr from a fistulated steer receiving fresh alfalfa soilage ad libitum for 
one 7-hr period each day. 
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Table 11, Treatment means for alfalfa leaves vs. stems in factorial 
with the indicated treatments 
Leaves Stems 
Net ml gas/g dry matter^  
Animal #5324 
Animal #5333 
71.2 
74.5 
40.7 
40.0 
FSI^  
Animal #5324 
Animal #5333 
6.04 
5.52 
5.06 
4,64 
Net ml gas/g dry matter^  
Bud-stage alfalfa 
Mature alfalfa 
59.1 
64.2 
52.2 
47.7 
FSI^  
Bud-stage alfalfa 
Mature alfalfa 
6.55 
8.17 
7.15 
5.73 
E^ach value is the average of five determinations. 
Each value is the average of six determinations. 
Results Treatment means are presented in Table 11, The 
order of net gas production per gram of dry matter, from highest to 
lowest, was mature leaves, bud-stage leaves, bud-stage stems and mature 
stems, resulting in a significant interaction (P < .01) between plant 
fractions and stage of maturity as well as a significant difference 
(P < ,01) in favor of the leaf fraction. The order for FSI values was 
mature leaves, bud-stage stems, bud-stage leaves and mature stems, again 
leading to a significant interaction (P < .01) with both main effects 
statistically non-significant. 
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Alfalfa vs. bromegrass 
Procedure Six-inch tops from bud-stage alfalfa and leaves 
from rapidly-growing, 8-inch-high bromegrass were compared in four trials 
using the m vitro fermentation method. Rumen fluid was taken from a 
fistulated steer receiving fresh alfalfa soilage. The steer was fasted 
for at least 16 hr prior to each sampling. 
Results Net gas production per gram dry matter was 90.6 ml 
and 40.7 ml (P < .01) for the alfalfa and bromegrass, respectively. 
However, the FSI values, 10.03 and 10.73 for the alfalfa and bromegrass, 
respectively, were not significantly different. 
Saliva vs. artificial saliva There has been considerable dis­
agreement as to whether the mucins of saliva increase or decrease the 
foam stability of rumen ingesta. To provide some new information on 
this point, the effect of using saliva instead of artificial saliva in 
the _in vitro fermentation procedure was determined in a series of 
10 trials. 
Procedure On August 18, 1965, saliva was collected under 
slight vacuum using a large plastic catheter inserted into the cardia of 
a fistulated steer, #7065. The collected saliva was divided into 250-ml 
aliquots, frozen immediately and thawed as needed. Saliva which was 
collected in a similar manner from another fistulated steer, #7027, on 
August 24, 1965, was refrigerated and used in six trials conducted on 
August 25 and 26, One sequence of trials consisted of duplicate deter­
minations of bud-stage, 4-inch, alfalfa tops with saliva or artificial 
saliva and rumen fluid. In another sequence of trials the saliva com­
parison was run in factorial with two rumen fluid sources. All rumen 
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fluid donors for these trials were being fed fresh alfalfa soilage and 
were fasted at least 12, and most often 16, hr prior to sampling. 
Results The saliva from #7065 contained 0.85 per cent dry 
matter and 0.37 mg/ml of protein as determined by the biuret test. Since 
there was no apparent difference in fermentation results between the 
frozen and fresh salivas, the results for the two are combined and 
presented in Table 12. There was no difference in gas evolution due to 
saliva or, in the second sequence, rumen fluid source. However, the 
saliva caused a significant increase (P < .05 and P < .01, respectively) 
in FSI values over the artificial saliva in both the first and second 
sequence of trials. 
Table 12. Treatment means for saliva vs. artificial saliva 
Saliva Artificial saliva 
470 
9.53 
467 
7.69 
Sequence I (six determinations) 
ml gas produced 
FSI 
Sequence II (four determinations) 
ml gas produced 
Animal #5324 
Animal #5333 
465 468 
461 466 
FSI 
Animal #5324 
Animal #5333 
8.42 
9.03 
6.50 
6.89 
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Effect of a combination of antibiotics on the in vitro fermentation 
of alfalfa Workers at this station have found that a combination of 
antibiotics (streptomycin, tylosin, erythromycin and penicillin) is 
effective in reducing bloat incidence and severity when administered 
daily (Van Horn (1962)), every other day or in bolus form (Shellenberger 
(1964)). Mangan et al. (1959) concluded that the bloat preventive action 
of penicillin is mediated through the inhibition of microbial breakdown 
of chloroplastic lipids which are strong anti-foamers. This conclusion 
is supported by the work of McGilliard and Van Horn (1962) who found 
greater concentrations of chloroplasts and chloroplast fragments in the 
rumen fluid of steers receiving the combination of antibiotics. Also, 
Miller and Jacobson (1962) reported a reduced rate of gas production in 
rumen contents of animals receiving penicillin. 
These trials were initiated in order to determine whether the iji vitro 
technique could detect the antibiotic effects reported previously as well 
as to gain new insight into the action of antibiotics in bloat prevention. 
Procedure Two fistulated Jersey steers were used to study 
the effect of a combination of antibiotics, streptomycin, tylosin, 
erythromycin and penicillin (STEP) when administered to the rumen fluid 
donor and/or added directly to the rumen fluid just prior to the in vitro 
fermentation. Fresh alfalfa soilage of varying quality was fed ^  libitum 
during one 7-10 hr period each day for the entire summer. The steers were 
fasted for at least 14 hr prior to rumen fluid collection. The amount of 
feed consumed was recorded daily. The steers were kept in stanchions 
where they had continuous access to water, salt and dicalcium phosphate. 
A pattern of normal differences in feed intake as well as vitro 
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gas evolution and foam stability caused by rumen fluid from the two 
animals was determined in eight trials before and nine trials following 
the first period of STEP administration. An effort was made to establish 
a consistent pattern of feed intake prior to the initiation of each 
period of antibiotic administration. For the vitro fermentation 
trials rumen fluid from the two steers was run in factorial with 4-inch 
tops and a lower portion of alfalfa which varied in maturity from bud-
stage to full bloom. The lower portion of plant ranged from 7-9 inches 
from the top of the plant to 3 inches above the ground line. During the 
first period of STEP administration, one capsule containing 70 mg of 
streptomycin, 70 mg of erythromycin, 70 mg of tylosin and 40,000 units 
of procaine penicillin was deposited a few inches within the ingesta at 
the fistula of #5333 once daily. No effort was made to maintain a fixed 
interval between time of STEP administration and time of rumen fluid 
sampling. Consequently, this time interval ranged from 2 to 29 hr for 
seven trials conducted on the 9 consecutive days of administration, 
although the time interval was 5-6 hr for four of these trials. The 
factorial arrangement of treatments used in the standardization trials 
was continued during the first period of STEP administration. 
After a 30-day re-standardization period, STEP administration to 
#5324 was begun. The same procedure used in the first administration 
period was used for the first 7 days of this series. Following that, 
the STEP capsule was opened within the ingesta just inside the fistula 
for another 9 days and a constant relationship between time of adminis­
tration and time of rumen fluid sampling was maintained. During the 
first 7 days of STEP administration, four fermentation trials were 
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conducted involving the same factorial of rumen fluid sources and alfalfa 
plant fractions already described. The remaining i^  vitro trials con­
sisted of a factorial of rumen fluid sources and the presence or absence 
of 1.50 mg of STEP mixture (0.344 mg each of streptomycin, erythromycin 
and tylosin and 197 units of penicillin) added to the rumen fluid in 2 ml 
of solution just prior to its introduction into the fermentation tubes. 
Two such trials were conducted daily, one starting 3.5 hr before and the 
other 2.5 hr after STEP administration. The rumen fluid donors were 
fasted each day until after rumen fluid collection for the post-
administration trial. 
Following a third brief (6 days) standardization period, STEP was 
again administered to #5333 by opening the STEP capsule in the ventral 
sac of the rumen and then stirring the rumen contents. The constant 
time relationship between STEP administration and rumen fluid sampling 
used in the latter part of the second period was maintained. The fac­
torial of STEP administration to the animal and addition to the rumen 
fluid iji vitro was used in the two daily fermentations. Four-inch tops 
from alfalfa ranging in maturity from pre-bud to early bloom were used 
in these trials. 
Results Treatment means for each phase of this study are 
shown in Table 13, The net gas production per gram of dry matter was 
significantly higher (P < ,01) for 4-inch tops than for the lower 
portion of plant in the first and second standardization periods and 
the first STEP administration period as well as in the four trials 
(P < .05) of this type conducted during the second STEP administration 
period. FSI values were also significantly higher (P < ,01, P < .05 and 
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Table 13. Treatment means for in vitro fermentations using rumen fluid 
from control and STEP-treated steers in factorial with the 
indicated treatments 
Source of rumen fluid 
#5324 #5333 
Standardization period I (eight determinations) 
Net ml gas/g dry matter 
4-inch alfalfa tops 
Lower portion of plant 
FSI 
4-inch alfalfa tops 
Lower portion of plant 
72.2 
49.7 
6 . 6 8  
5.13 
77.5 
54,9 
5.00 
3.55 
STEP administration period I 
Net ml gas/g dry matter 
4-inch alfalfa tops 
Lower portion of plant 
FSI 
4-inch alfalfa tops 
Lower portion of plant 
(seven determinations) 
84.5 
67.0 
14.49 
10.79 
71.8% 
58.5* 
6.74* 
5.183 
Standardization period II (nine determinations) 
Net ml gas/g dry matter 
4-inch alfalfa tops 
Lower portion of plant 
FSI 
4-inch alfalfa tops 
Lower portion of plant 
59.9 
47.9 
7.54 
7.10 
60 .8  
49.0 
7.05 
6,24 
STEP administration period II (four determinations) 
Net ml gas/g dry matter 
4-inch alfalfa tops 
Lower portion of plant 
FSI 
4-inch alfalfa tops 
Lower portion of plant 
39.6* 
33.4* 
5.83* 
4.32* 
53.2 
49.1 
6.41 
6 , 2 6  
R^umen fluid from steer receiving 70 mg each of streptomycin, 
erythromycin and tylosin and 40,000 units of penicillin daily. 
Table 13. (Continued) 
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Source of rumen fluid 
#5324 #5333 
STEP administration period II 
3.5 hr pre-administration trials (six determinations) 
ml gas 
Control 330^  494 
STEP added 284*'% 396% 
FSI 
Control 7.17* 7.72 
STEP added 7,17*»% 9.60% 
2.5 hr post-administration trials (five determinations) 
ml gas 
Control 333® 449 
STEP added 308^ '% 322% 
FSI 
Control 7.04* 7.88 
STEP added 7.11®»% 8,85% 
STEP administration period III 
3.5 hr pre-administration trials (five determinations) 
ml gas 
Control 404 317® 
STEP added 350% 282®'% 
FSI 
Control 12,59 8.86® 
STEP added 13,10% 9.50®,% 
2.5 hr post-administration trials (five determinations) 
ml gas 
Control 435 306® 
STEP added 367% 282®'% 
FSI 
Control 11,84 9,71® 
STEP added 12,47% 9.60®,% 
%0.344 mg each of streptomycin, erythromycin and tylosin and 197 
units of penicillin added to the fermentation tube. 
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P < .025 for the first standardization, first STEP administration and 
second standardization periods, respectively) for the 4-inch tops for 
all periods except the four trials in the second STEP administration 
period where the difference was not statistically significant. 
In the first standardization period, rumen fluid from #5333 caused 
a higher gas production (P < .01) and a lower FSI value (P < .10) than 
rumen fluid from #5324 when fermented ^  vitro with fresh alfalfa. 
Analysis of seven fermentation trials conducted during, plus four trials 
in the week following, STEP administration to #5333 indicates that STEP 
significantly reduced (P < .01) both gas evolution and foam stability 
values. The patterns of vitro gas production and foam stability as 
well as feed intake during the three periods of STEP administration are 
given in Figures 5, 6 and 7. 
For the nine complete i^  vitro fermentation trials of the second 
standardization period, there was no difference in gas evolution due to 
rumen fluid source. However, rumen fluid from #5324 provided a greater 
(P < .025) foam stability in these trials. In vitro trials conducted on 
each of the first 4 days of the second period of STEP administration 
revealed a lowered gas production (P < .01) and foam stability (P < .05) 
for the rumen fluid from #5324, presumably due to the administration of 
STEP. 
In the second STEP administration period, of the 11 complete vitro 
trials involving the factorial treatment arrangement of administration of 
STEP to the animal or to the rumen fluid ^  vitro, six trials were initi­
ated 3.5 hr before the daily administration of STEP to #5324; the remaining 
five trials were started 2.5 hr after STEP administration. Both gas 
Figure 5, Comparative feed intake, vitro gas production and FSI 
during STEP administration period I 
LB. SOILAGE INTAKE DAILY NET ml. go»/» DRY MATTER 
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Figure 6. Comparative feed intake, In vitro gas production and FSI 
during STEP administration period II 
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Figure 7. Comparative feed intake, in vitro gas production and FSI 
during STEP administration period III 
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evolution and FSI values were significantly lower (P < ,01) for rumen 
fluid from #5324 and for those fermentation tubes containing added STEP 
in the pre-administration trials. For FSI values, the interaction be­
tween rumen fluid source and STEP addition was also significant (P < .01) 
in these trials due to the high FSI values calculated for those tubes 
receiving added STEP and rumen fluid from #5333. Here the added STEP 
reduced gas production but not foam stability, resulting in an artifi­
cially high FSI because of the method of calculating the FSI values. 
In the post-administration trials, gas evolution was again lower 
(P < .01) for rumen fluid from #5324 and those tubes receiving added . 
STEP with a significant interaction (P < .025) between rumen fluid sources 
and the addition of STEP. The interaction in this case was due to added 
STEP causing a smaller reduction for rumen fluid from #5324 than for 
rumen fluid from #5333. For FSI values only the difference due to rumen 
fluid source was significant (P < .05) in these trials with #5324 being 
lower. 
During the third period of STEP administration (#5333 treated), five 
pre-administration and five post-administrâtion trials were conducted. 
In both sets of trials rumen fluid from #5333 provided significantly 
lower (P < .01) gas production and FSI values. The addition of STEP to 
the rumen fluid also reduced gas production (P < .05 and P < ,10 for 
pre- and post-administration trials, respectively) but had no signifi­
cant effect on FSI. Interactions between rumen fluid source and STEP 
addition were all statistically non-significant in these trials. 
A marked decline in alfalfa soilage intake by #5333 occurred with 
the initiation of STEP administration to that animal in the first 
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comparison period. However, the rumen of #5333 was found to be almost 
completely filled with ingesta during the period (3 days) of reduced 
intake. A similar reduction in feed intake by #5324 occurred when STEP 
administration was begun in the second comparison period. However, in 
this case the lowered intake appeared more prolonged and there was no 
indication of an unusual degree of rumen fill. In the third comparison 
period there was no reduction in feed intake associated with the initi­
ation of STEP administration. 
Measurement of rumen pressure 
Although the bloat severity scale described by Johnson et al^ . (1958) 
and used in the research reported here provides an objective basis for 
scoring bloat and estimating ruminai pressure, anatomical variations 
among animals are a source of error in estimating rumen pressure. 
Several trials were conducted to discover whether specific bloat scores 
correspond to consistent ranges in rumen pressure across time and between 
animals. 
Procedure In late August, 1965, enough excellent quality alfalfa 
became available to supply a few cattle. Two steers (#5581 and #7088-1), 
having previously demonstrated above-average bloat susceptibility, were 
selected as subjects for a series of rumen pressure determinations. 
They were fed all the fresh alfalfa soilage they could consume during 
two 3-hr periods daily. 
Rumen pressure was measured by an apparatus consisting of a 6- or 
8-inch hypodermic needle (12- or 16-gauge) connected by flexible plastic 
tubing to a slack-tube manometer, A constant input of 50 ml/min of 
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carbon dioxide into the needle-manometer system was provided through a T 
in the connecting tubing which, with similar tubing, was connected to an 
appropriate gas flow gauge and the carbon dioxide supply. The carbon 
dioxide input served to prevent clogging of the hypodermic needle when 
inserted into the rumen at the left paralumbar fossa. Luer-lok con­
nectors were located within the connecting tubes to provide ease of 
manipulation while inserting the hypodermic needle into the rumen. 
Pressure readings were recorded every 5 sec as inches of water. 
Since rumen contractions were reflected in the pressure readings, a 
recording was also made of frequency and amplitude (as reflected by 
pressure) of rumen contractions. When bloat occurred, the bloated steer 
was placed in a stanchion, the needle was inserted into the rumen, and 
a sequence of pressure readings of several minutes duration was made 
corresponding to each bloat score from 0 through 3. Bloat scores were 
determined by the author and one of two assistants who had been respon­
sible for scoring bloat in the 20-steer assay group. When a bloat score 
of 3 was reached, the animal was treated with emulsified soybean oil and 
observations were continued until 0 score was attained. 
Results Two trials were conducted with each steer although 
#5581 was bloated during only one of the trials. Normally bloat scores 
were not subdivided; however, in these trials each score was divided 
into three parts, e.g., 2-, 2, 2+, in order to more critically test the 
sensitivity of palpation. The 16-gauge needle provided a 0.4-inch back 
pressure against the 50 ml/min carbon dioxide input. This amount was 
subtracted from readings obtained using the 16-gauge needle. No back 
pressure was encountered with the 12-gauge needle, and its performance 
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Table 14. Bloat scores and corresponding rumen pressures in inches 
of H2O 
Bloat score Pressure 
#5581 
Trial 1 0 4.0 
Trial 2 1+ 11.2 
2 12.8 
2+ 13.6 
3- 14.4 
2+ 13.0 
1- 6.0 
#7088-1 
Trial 1 2- 10.8 
2 10.6 
2 11.6 
2+ 12.4 
3 13.6 
1+ 8.8 
2- 9.8 
1  6 . 2  
0 3.0 
Trial 2 1 9.2 
2- 12.2 
3 16.8 
2+ 12,2 
3- 14.0 
1 7.4 
0  -  1 .0  
was, in general, better than the 16-gauge needle. The rumen pressures 
given in Table 14 are the averages of all readings within a sequence. 
Since pressure increases during rumen contractions were much more pro­
nounced with lower bloat scores than with higher scores, the rumen 
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pressure averages corresponding to lower bloat scores may contain an 
upward bias, depending on one's point of view. 
Bloat scores as determined by palpation of the left paralumbar 
fossa were surprisingly consistent in reflecting changes in rumen 
pressure between animals as well as within animals. The range of rumen 
pressures in millimeters of mercury for each bloat score may be sum­
marized as follows: 
Bloat score Rumen pressure 
0 -1 to 10 
1 10 to 20 
2 20 to 26 
3 26 to 32 
The measurement of frequency and amplitude of reticulo-rumen con­
tractions by the methods used here was too crude to reach any conclusions 
other than that peak contraction pressures were no higher when the ani­
mals were bloated than when they were in a state of non-bloat. 
A unique event occurred upon termination of this experiment. The 
last rumen pressure observations were made on the morning of September 1, 
1965; the following afternoon crude soybean oil was mixed with the alfalfa 
soilage fed to #5581 and #7088-1, and they did not bloat. On the morning 
of September 2, neither animal was fed soilage since they were to be 
moved out of stanchion confinement and placed on a high grain ration. In 
spite of having been fasted for 17 hr, both steers bloated at mid-morning, 
one attaining a bloat score of 3 and the other a 2. Other animals in the 
vicinity had been fed approximately 1 hr earlier. 
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Poloxalene Investigations 
Summer, 1964 
In the summer of 1964, trials were conducted to determine the long-
term bloat preventive capacity of poloxalene and to study its mode of 
action. 
Efficacy of poloxalene for preventing bloat in dairy steers 
Procedure Thirty-six dairy steers, randomly assigned to 
two groups (treatment and control), were used to evaluate the effective­
ness of poloxalene in a 113-day trial beginning May 14, 1964. Six to 
10-inch Banger alfalfa tops were harvested twice daily, at 6:30 a.m. and 
1:00 p.m. with a flail-type forage harvester and fed to both groups in 
drylot. On 9 days during the first 2 weeks of the trial, alfalfa was 
fed in the afternoon only. The animals were allowed access to the 
alfalfa soilage for approximately 4 hr at each feeding. 
In addition, the treatment group received an amount of supplement B 
(Table 15) once daily to supply each animal 10 g of poloxalene. The 
control group received an equal amount of supplement A. To improve their 
acceptability, supplements A and B were refrigerated for 12 hr prior to 
being fed. During the last 6 days of the trial, a poloxalene pre-mix 
(supplement D) was mixed with supplement C to provide 10 g of poloxalene 
per pound of mixture (supplement E) and fed to the treatment group at 
the average rate of 1 lb per animal daily. The control group received 
an equal quantity of supplement C those 6 days. The supplements were 
fed in large bunks to the respective groups once daily prior to the 
morning alfalfa feeding. 
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Table 15. Composition of supplements used in poloxalene feeding trial 
Supplement 
A B C D E 
(%) (%) (%) (%) (%) 
Poloxalene 2.2 40.0 2.3 
Vermiculite 40.0 2.3 
Animal tallow 5.1 5.0 
Soybean lecithin 20.0 1.1 
Ground corn 94.9 92.8 53.9 50.8 
Ground oats 32.4 30.6 
Soybean oilmeal 10.7 10.1 
Salt 1,0 0.9 
Dicalcium phosphate 2,0 1.9 
On 7 days during the trial when adequate labor to treat bloat was 
not available, crude soybean oil (CSBO) was sprinkled over the alfalfa 
soilage and mixed with a fork. Approximately l/4 lb of CSBO per head 
was used at each feeding during those 7 days. 
Bloat severity was scored using the 0 (no bloat) to 5 (terminal) 
scale described by Johnson et al. (1958). The daily maximum bloat score 
for each animal was used to evaluate efficacy of poloxalene. Animals 
reaching a bloat score of 3 or higher were treated by introducing 
250-400 ml of emulsified soybean oil into the rumen via stomach tube 
(Johnson e^  al. (I960)). Observations on refusals of poloxalene supple­
ments were begun May 30. A refusal was recorded if no attempt was made 
to consume the supplement within 10 min after it was offered. 
Each animal was weighed 3 days prior to the trial, at 3-week 
intervals during the trial, and on three consecutive days at the end 
of the trial. Animals were fasted 14 hr before being weighed, except 
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for the weighing 3 days before the trial. 
Two animals in the control group died, one from bloat and one from 
peritonitis which developed following rumenotomy of a severe case of 
bloat. Data from the two were used in calculating average daily maxi­
mum bloat scores but were omitted in calculating average weight gain 
of the control group. 
Results Poloxalene was effective in controlling legume 
bloat (Figure 8) with no diminution of effect as the season progressed. 
Four of the seven bloat cases in the treatment group were credited to 
one animal. Close observation of that animal indicated that when it 
consumed less than half its daily concentrate allowance, it was subject 
to bloat. The only other severe bloat case in the treatment group was 
in an animal that refused the poloxalene supplement the day it bloated. 
During the 85 days of the trial when observations on refusals of 
supplements A and B were made, 102 (6,7 per cent) refusals of supple­
ment B and 71 (5.1 per cent) refusals of supplement A were recorded. 
Supplement E was refused once by one animal during the 6 days it was 
fed. No refusals were recorded for the control group those 6 days. 
Crude soybean oil mixed with the alfalfa soilage also effectively 
prevented bloat in this trial. 
Daily weight gains (1.61 and 1.57 lb for the treatment and control 
groups, respectively) and weight gain patterns were nearly identical. 
Starting and final weights in pounds for the two groups were: 
control 522, 703; poloxalene 533, 721. 
Figure 8. Comparative degree of bloat in control steers and those 
receiving 10 g poloxalene daily per steer 
On 7 separate days during the 113-day trial, when adequate 
labor to treat bloat cases was not available, soybean oil 
was fed to both groups. 
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Effect of poloxalene on in vitro fermentation of fresh alfalfa 
Procedure Three steers from each of the two groups, 
poloxalene-fed and control, were randomly selected and paired. Rumen 
fluid from each pair was compared by vitro fermentation of good 
quality fresh alfalfa according to the general 1964 procedure described 
previously. Insofar as possible, rumen fluid collection was rotated 
among the three pairs. Other than the grain supplements, which were 
fed individually 1 hr prior to rumen fluid collection, the donor steers 
had been fasted for at least 14 hr prior to sampling. 
Using a DuNouy tensiometer, surface tension of fermentation fluid 
collected at the end of the trial was measured for six of the 20 iji vitro 
trials conducted. Five or six consecutive readings were taken of the 
same sample as rapidly as possible. The first reading, usually higher 
than the rest, was discarded, and the remaining readings were used to 
calculate an average value. Prior to making readings on each sample, 
the tensiometer ring was rinsed in distilled water, then in methyl ethyl 
ketone and finally heated in a bunsen flame prior to insertion into the 
instrument. 
Results Treatment means are given in Table 16. Although 
there was no statistically significant difference in gas evolution, 
differences in maximum ingesta volume and surface tension were significant 
(P < .05 and P < .01, respectively) with rumen fluid from poloxalene-fed 
animals having the lower values. In these trials a phenomenon was noted 
in the liquid phase of the poloxalene fermentation tubes which was to be 
seen many times in the 1965 in vitro trials, i.e., a streaming action 
caused by the rise of particles from the bottom of the tube to the 
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Table 16. Means for gas evolution, maximum ingesta volume and surface 
tension measurements during vitro incubation of fresh 
alfalfa with rumen fluid from control or poloxalene-fed 
steers 
Rumen fluid source 
Control Poloxalene 
ml gas produced^  242 262 
Maximum ingesta volume^  265 223 
Surface tension (dynes/cm)^  55.9 47.8 
E^ach value is the average of 20 determinations. 
E^ach value is the average of six determinations. 
liquid-foam interface. Apparently gas forming on the particles carried 
them to the interface where the gas was released allowing the particles 
to settle once more. 
Summer, 1965 
Effect of poloxalene on rumen fluid characteristics and feed intake 
of cattle 
Procedure As a continuation of the 1964 investigations into 
the mode of action of poloxalene, the effect of rumen fluid from two 
groups of three steers each, control and poloxalene-fed, on vitro 
fermentation was determined as well as the surface tension of fluid 
obtained from fermentation tubes following the ^  vitro trials. Using 
a suction strainer, rumen fluid was collected from all six steers for 
each trial 45-60 min after feeding the grain supplement and was 
86 
composited within treatment groups. The general 1965 vitro fermen­
tation procedure was followed in all respects using as substrate a 
sample of the alfalfa soilage fed to the donor steers. Surface tension 
measurements were made according to the procedure described for the 
1964 trials. 
At 21, 14, 7, 2 and 1 day(s) before and 1, 2, 5, 9, 14, 19 and 28 
days after, as well as the day of, initiation of poloxalene-feeding, 
a rumen fluid sample was taken from each steer 3 hr after feeding for 
determination of total bacterial counts and, for the +14-day sampling, 
protozoan counts. The microbiological studies were conducted by 
Dr. P. A. Hartman, Department of Bacteriology, Iowa State University. 
The feeding regime consisted of fair to poor alfalfa soilage fed 
ad libitum during two 4-hr periods each day. The lower quality alfalfa 
was used to avoid bloat and the confounding effect of treating agents 
upon treatments. Soilage consumed by each animal was recorded daily. 
In addition, each steer in the control group was fed 1 lb of supplement C 
(Table 15) once daily for the entire trial. Steers in the poloxalene 
group received an equal amount of supplement C during the 3-week standard­
ization period, but during the 4-week comparison period were fed supple­
ment C plus a poloxalene pre-mix providing 10 g of poloxalene per animal 
daily. Salt and dicalcium phosphate were available at all times. 
Results There was no significant difference in gas evolution 
between groups for either the six trials conducted before or the eight 
trials after initiation of poloxalene feeding. Likewise, no difference 
in FBI was found between groups during the standardization period. 
However, the FSI values for the poloxalene-fed group were significantly 
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lower (P < .05) during the comparison period. Surface tension determi­
nations were made for only two trials during the standardization period; 
there was no indication of a difference between groups. During the com­
parison period the surface tension of fermentation fluids originating from 
poloxalene-fed animals was significantly lower (P < .01) than that of 
fluids from control animals. 
In regard to the microbiological studies, no differences in total 
bacterial counts by any of the methods used or in protozoan counts due to 
treatment could be detected. Bacterial counts, in general, were low, due, 
no doubt, to the low quality forage these animals were receiving. 
Table 17. Treatment means for comparisons between control and poloxalene-
fed steers 
Rumen fluid source 
Control Poloxalene 
ml gas produced 
Standardization period 
Comparison period^  
205 
198 
214 
222 
FSI 
Standardization period^  
Comparison period^  
4.12 
5.03 
3.82 
3.44 
Surface tension (dynes/cm)^  
Alfalfa + rumen fluid 
Rumen fluid alone 
56.4 
57.5 
52,9 
50.8 
Ratios of daily feed consumption 
Std, period/comparison period 0,835 0.835 
E^ach value is the average of six determinations. 
E^ach value is the average of eight determinations. 
88 
Poloxalene feeding had no effect upon feed intake as indicated by 
the ratios of daily consumption during the standardization period to 
consumption during the comparison period. 
Treatment means are given in Table 17. 
Efficacy of poloxalene for preventing bloat in lambs The effect 
of poloxalene upon bloat occurrence and severity and weight gains in 
lambs was determined in a two-phase experiment, a bloat phase and a 
fattening phase. This study was conducted under the direction of 
Dr, R. L. Vetter, Department of Animal Science, Iowa State University. 
Procedure Four groups of 15 lambs each, two with eight ewes 
and seven wethers and two with seven ewes and eight wethers, were randomly 
assigned to four treatments, 3 g poloxalene in l/4 lb of grain pellets 
per head daily, 1 g poloxalene in 1/4 lb of grain pellets per head daily, 
1/4 lb grain pellets per head daily (control) and a salt-molasses block 
containing 30 g poloxalene per pound. The lambs were allotted to groups 
on the basis of weight with the objective of creating four groups of 
equal weight. Grain supplements were fed in bunks to each respective 
group once daily in the morning prior to feeding the remainder of the 
ration. Refusals were recorded for animals which made no attempt to eat 
the supplement. The poloxalene-containing block was available at all 
times except for 5 hr each day when the lambs were pastured. Other 
treatment groups had similar access to a salt block. The poloxalene 
block was weighed periodically and a new block added when the weight was 
below 5-7 lb. 
All lambs were pastured together on small plots of alfalfa for 7 
days at the beginning and for another 4 days later in the trial and were 
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fed alfalfa soilage for 1-1.5 hr twice daily for the remainder (38 days) 
of the bloat phase. Alfalfa soilage consumption of each group was re­
corded twice daily. Using a system similar to that described by 
Johnson ejt al. (1958), bloat was scored by visual inspection. 
Following adjustment to a fattening ration, weight gains were 
determined during the 56-day fattening phase of the trial. In this 
phase supplemental feeding was continued as before. The lambs were 
group fed twice daily an amount of fattening ration which would be 
consumed within 1 hr after feeding. The lambs were weighed at the 
beginning of the trial, at the beginning of the fattening phase, at the 
mid-point of the fattening phase and on two consecutive days at the end 
of the trial. Table 18 shows the composition of the supplements and 
the fattening concentrate mixture. 
Table 18. Composition of supplements and fattening concentrate mixture 
Grain Grain Fattening 
Grain pellets + pellets + concentrate 
pellets 1 g 3 g Px mixture^  
(%) (%) (%) (%) 
Corn 49.5 47.6 43.9 50.0 
Oats 29-7 29.8 30,0 
Soybean oilmeal 19.8 19.9 20.0 5.9 
Mllo starch binder 1.0 1.0 1.0 
Poloxalene 0.9 2,6 
Verxite 0.8 2.5 
Alfalfa hay, ground 35.0 
Cane molasses 7.0 
Trace mineral salt 0.6 
Dicalcium phosphate 1.5 
®Px = poloxalene. 
C^ontains 900 I.U. vitamin A supplement per pound. 
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Within a few days after completion of the trial the lambs were 
slaughtered and carcass grade data were obtained for comparison of 
treatment groups Carcass grade scores were: low good, 7; average 
good, 8; high good, 9; low choice, 10; average choice, 11 and high 
choice, 12. 
Results Relatively little bloat occurred during the trial 
with only 3 days when bloat could be considered serious. No lambs died 
of bloat and none required treatment. Significantly more (P < .01) 
bloat occurred in the control group, however, than in any of the 
poloxalene-treated groups. Half the bloat and grain refusals in the 
3-g group were due to one lamb. Soilage consumption was practically 
the same for all four groups, although weight gains were somewhat lower 
for the poloxalene-block group, probably because this group received no 
grain supplement. Consumption of the poloxalene block averaged 43 g 
(2.84 g poloxalene) per animal daily during the bloat phase and 20 g 
(1.32 g poloxalene) per animal daily during the fattening phase. 
Cumulative bloat scores, supplement refusals and soilage intake are 
shown in Table 19 along with other data. 
Two lambs died of enterotoxemia, one each in the 1-g and 3-g 
groups, during the fattening phase in which average weight gains and 
carcass grades were very similar for all four groups. However, feed 
consumption was variable with the 3-g group having a notably lower 
intake, although not much lower than that of the poloxalene-block 
group when the poloxalene supplement is considered. Treatment means 
for the fattening phase are also shown in Table 19, 
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Table 19. Treatment means for the effect of poloxalene on bloat 
and performance in lambs 
Control 1 3 Poloxalene 
block 
Bloat phase 
Cum, max. daily bloat score 66 9 13 14 
Total supplement refusals 6 14 10 - -
Avg, daily soilage intake 9.6 9,5 9,6 9.5 
Initial weight (lb) 64.3 64,5 64,5 64.4 
Weight gain (lb) 24.8 23.0 21.1 19.1 
Fattening phase 
Avg. daily feed intake (lb) 3.88 3.83 3.47 3.88 
Initial weight (lb) 89.1 88.3 83.5 83.5 
Weight gain (lb) 24.5 22.7 23.2 24,3 
Carcass grade 11.9 11.7 11.5 11.5 
G^rams poloxalene daily. 
Effect of poloxalene on growth of dairy calves 
Procedure Holstein calves (18 males and 18 females) were used 
to determine the effect of feeding 1 g or 4 g of poloxalene per 100 lb 
body weight per day on growth during the period from 6-26 weeks of age. 
Calves were blocked within sex on the basis of age and randomly assigned 
to treatment groups (control, 1 g and 4 g) within each block. Each calf 
was penned and fed individually so that intake data could be obtained. 
Prior to going on experiment each calf received 3,5 lb and 2,0 lb 
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of whole milk twice daily during the first 3 weeks and the 4th week, 
respectively. Milk feeding was discontinued after the 4th week. Long 
alfalfa hay and a calf starter concentrate consisting of 40 per cent 
ground corn, 27 per cent crushed oats, 20 per cent soybean oilmeal, 
10 per cent molasses, 2 per cent dicalcium phosphate and 1 per cent salt 
plus trace minerals, vitamins A and D and antibiotics were fed ^  libitum 
until 6 weeks of age. The calf starter concentrate was continued during 
the 20-week experiment. 
Alfalfa pellets were fed ^  libitum during the trial as was the 
grain ration up to a limit of 6 lb daily. Grain was fed twice daily 
with the poloxalene carrier (53.8 per cent poloxalene) being mixed with 
the grain at the evening feeding, when an amount of grain which would 
ensure consumption of the poloxalene was fed. All calves were weighed 
weekly and the amount of poloxalene administered adjusted accordingly. 
During the experimental period as well as the first 6 weeks of life 
the incidence of scours was recorded and rated according to a system 
ranging from 0 (normal) to 4 (severe). 
One male in the group receiving 4 g of poloxalene per 100 lb body 
weight daily was dropped from the experiment because of pneumonia. 
Results Table 20 summarizes the growth and feed intake data 
while Figure 9 shows the patterns of cumulative body weight increase, 
average weekly grain consumption and average weekly,_pellet consumption. 
The weight gain data were analyzed statistically by covariance 
procedures using initial weight, scours index, grain consumption and 
alfalfa pellet consumption as covariates. The regression of weight gain 
on the covariates was significant (P < .01) with alfalfa pellet consumption 
Figure 9. Average cumulative body weight and weekly grain and alfalfa 
pellet intake for control and poloxalene-fed Holstein calves 
(1-g and 4-g indicate the groups receiving 1 g and 4 g, 
respectively, of poloxalene per 100 lb body weight daily) 
AV WEEKLY GRAIN INTAKE AV. WEEKLY PELLET INTAKE CUMULATIVE WEIGHT INCREASE 
PO cx 
Ol Ul ro Ol ro 0» 
> -
CO 
~Q lO «0 o 
\ 
95 
Table 20. Treatment means for growth and feed intake of dairy calves 
Experimental group 
Control 1 g^  4 g^  
Average weight gain (lb) 326 326 302 
Adjusted average weight gain (lb) 326 319 315 
Average alfalfa pellet intake (lb) 627 634 558 
Average grain intake (lb) 777 798 771 
Average scours index 6 3 7 
G^rams of poloxalene per 100 lb body weight daily. 
being the primary contributor to sums of squares due to regression 
because of its greater variability. The adjusted treatment means were 
not significantly (P < .10) different nor were differences in scours 
index, grain or alfalfa pellet consumption statistically significant. 
The large error mean square found in the analysis of alfalfa pellet 
consumption data is indicative of the wide variation in pellet intake 
within treatment groups, especially in the 4-g group. Treatment X sex 
interactions were also non-significant for each of the above parameters. 
Examination of the data from this trial indicated wide variations 
\ 
in feed efficiency among animals within treatments. Males were found to 
be more efficient than females and fast-growing animals more efficient 
than slow gainers. 
Relative dry matter digestibility of rations containing poloxalene 
A preliminary analysis (prior to completion of the experiment) of 
the calf growth trial using data from 30 calves at 18 weeks of age indi­
cated a significant reduction (P < .05) in growth due to feeding 
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poloxalene. Since one possible cause of reduced growth is a lower ration 
digestibility, digestion trials were initiated. 
Procedure Four males from each treatment group were placed on 
a digestion trial following the 20-week growth trial. Starting 5 days 
prior to initiation of fecal collection, each animal was adjusted to a 
ration of three parts grain and four parts alfalfa pellets fed at a 
constant level ranging from 87 per cent to 90 per cent of ad libitum 
consumption during the previous 2 weeks, a procedure adopted to ensure 
that all feed offered was consumed. Poloxalene was administered at the 
same rates as for the growth trial. 
A total fecal collection was conducted for 10 days with feces 
being composited, weighed and sampled once daily. Sufficient grain and 
alfalfa pellets for the entire collection period were placed in separate 
containers at the beginning of the period and sampled on days 2, 5 and 9 
of the collection period. Dry matter content of feed and feces was 
determined by drying single samples in a forced-air oven at 65° C for 
48 hr. 
Results The dry matter digestibilities found in these trials 
are given in Table 21. Digestibility of dry matter of the 4-g ration 
was significantly lower (P < .05) than that of the control and 1-g 
rations. The difference between control and 1-g rations was non­
significant. 
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Table 21. Individual and mean dry matter digestibilities of calves fed 
control or poloxalene-containing rations 
Experimental group 
Control 1 4 g^  
(%) (%) (%) 
62.4 62.8 59,9 
Individual 63.4 62.1 57.4 
observations 
64.0 58.5 57.6 
61.0 63.2 60.0 
Means 62.7 61.6 58.7 
G^rams poloxalene per 100 lb body weight daily. 
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DISCUSSION 
The following discussion of experimental results is divided into 
sections according to primary research topics combining a number of 
experiments within each section. 
In Vitro Fermentation Trials 
Technique development 
A- satisfactory fermentation apparatus was developed early in this 
research project. The long fermentation chamber having a relatively 
small bore was chosen in order to make more critical ingesta volume 
measurements. Possibly a spherical fermentation flask could have simu­
lated rumen conditions more closely; it would have precluded anything 
other than gross observations on ingesta volume, however. 
Many questions regarding the ^  vitro fermentation technique were 
answered in the course of this research while others remain to be 
answered by further experimentation. That particle size of the alfalfa 
substrate is of great importance was realized long before the preliminary 
1965 experiments demonstrated this fact. Hence, in the 1964 trials the 
alfalfa to be used as fermentation substrate was consistently cut into 
l/4-inch segments in an effort to remove the influence of this variable 
from the results. 
The selection of a rumen fluid:alfalfa substrate ratio was somewhat 
arbitrary although based on several considerations. First, it was 
thought desirable to use as little rumen fluid as possible in order to 
avoid overshadowing differences in the alfalfa substrate, which were of 
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primary interest. Yet, sufficient microbial activity to allow the 
expression of substrate differences is necessary. The three 1954 
preliminary trials which measured the effect of varying rumen fluid: 
substrate ratios indicated that a 6:1 ratio would be appropriate. 
Also, with this ratio, the rumen fluid initially submerged the entire 
quantity of substrate without difficulty. Fasting the rumen fluid 
donor prior to rumen sampling and straining the rumen fluid minimized 
the influence of substrate in the rumen fluid. 
Soon after starting the 1964 summer .trials, it became evident 
that having only 60 per cent of the fermentation tubes submerged in the 
water bath was allowing undesirable fluctuations in gas volume readings 
in spite of the maintenance of a relatively limited range in atmospheric 
temperature. Thus, steps were taken to acquire a water bath which would 
completely submerge the fermentation tubes leaving little gas volume to 
be acted on by atmospheric temperature fluctuations. 
The only procedural changes initiated for the 1965 trials were 
those which would permit use of the ground alfalfa substrate, i.e., the 
use of artificial saliva to quantitatively transfer the alfalfa into 
the fermentation tubes. The preliminary 1965 trials indicated that 
adding artificial saliva had no effect on ingesta volumes and the 
moderate reduction in gas volume was no more than expected due to 
simple dilution effects upon microbial activity. The release of carbon 
dioxide from the bicarbonate of artificial saliva during vitro 
fermentation is an unknown factor in measurements of gas production. 
Since changes in gas production and pH during the vitro fermentation 
are both functions of microbial activity, it is probable that the 
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contribution of the carbon dioxide of bicarbonate is a relatively constant 
proportion of total gas production. 
It was discovered by chance that fresh alfalfa which had passed 
through the food chopper described previously (Figure 3) resembles 
rather closely the material often found in the upper stratum of rumen 
contents. On this basis, grinding the fresh alfalfa plant material was 
adopted as the method of substrate preparation for the 1965 fermentation 
trials. It was this change in substrate preparation which was primarily 
responsible for the greatly improved correlations of bloat scores with 
a values and FSI values in the 1965 trials. To be sure, a grinding X 
plant material interaction, i.e., tender plant material is more finely 
ground than fibrous plant material, and all its ramifications are present 
when this method of preparation is used. However, it can be argued that 
the chewing action of the ruminant provides a very similar and, consid­
ering rate of salivation, more complex interaction. Mangan and Johns 
(1957) proposed that the degree of maceration of plant material by 
chewing determines the release of foaming and fermentation substrate 
materials into the rumen. Therefore the physical condition of the forage 
may play a part in bloat occurrence. Reid ^  al. (1962) found that as 
much as 65 per cent of the soluble protein of red clover was released by 
chewing. 
Other features of the fermentation procedure are considered desirable 
and/or necessary from the standpoint of generally accepted experimental, 
fermentation and laboratory techniques. On several occasions a controlled-
heat water bath would have been useful during difficult rumen fluid col­
lections in order to avoid excessive cooling. A bucket of warm water was 
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not sufficient for maintaining desirable rumen fluid temperatures over 
the extended period of time involved in these cases. Also, due to 
occasional frothing of rumen fluid, gravimetric rather than volumetric 
measurement of rumen fluid would be desirable. 
Correlation of bloat score with in vitro fermentation results 
The almost complete lack of relationship between the bloat scores 
and any of the vitro fermentation measurements of gas production or 
ingesta volume in the 1964 trials was surprising although not unique in 
the history of such undertakings. The IVI and stable IVI determinations 
developed by Jacobson e^  al. (1957) failed to show a significant cor­
relation with bloat on several occasions (Jacobson et (1957), Elam 
e^  al. (1960), Elam and Davis (1962)) although differences in rations 
could be detected with these procedures. Likewise, the 1964 procedure 
was capable of detecting certain treatment differences (see Tables 4 
and 5 and the text concerning values therein). In other instances 
(Blake (1955), Brown (1959), Johnson (1959), Miller and Jacobson (1962)), 
better agreement was found between legume bloat and IVI or stable IVI. 
Using the m vitro methods of Hungate ejt al. (1955), Miller and Jacobson 
(1962) also obtained a significant (P < .05) correlation (r = 0.65) 
between gas production and bloat occurrence, a value amazingly close 
to the correlation coefficient (0.71) between 1965 (X values and bloat 
scores. For their vitro fermentations these workers collected ingesta 
from fistulated animals which had been fed alfalfa soilage 30 minutes 
earlier; hence the available substrate in the fermentation flasks in 
their experiments and in the 1965 trials of the present research may 
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have been quite similar. 
At least a part of the absence of a correlation between bloat 
score and a values in 1964 was due to the inadequate standard used 
in the first part of the summer, 1964. The results of the standard­
ization trials conducted in the summer of 1964 indicated that use of 
the proper standard is of primary importance in deriving a valid a 
value. Also, these trials led to the conclusion that dried, ground 
alfalfa is a reliable standard. Yet, the use of the dried alfalfa 
standard in the last part of the summer, 1964, resulted in no notable 
improvement in the correlation between bloat scores and a values calcu­
lated from earlier results. Unless there truly is no relationship 
between bloat and a, value as derived in 1964 with the ground alfalfa 
standard, the only explanation for these results is a large variation 
due to the several steers used as rumen fluid donors. Likely, each 
alternative was partially responsible. 
The absence of a gas production difference between bloaters and 
non-bloaters is in agreement with the work of Hungate et al. (1955) who 
found no marked relationship between fermentation rate before feeding 
and subsequent bloating of the animal. These workers reported that the 
fermentation rate of rumen contents from bloated animals, however, was 
higher than from non-bloated animals. In the present experiment, the 
difference in vitro maximum ingesta volume in favor of the bloaters 
failed to be statistically significant primarily because of the small 
number of animals used. 
To reduce variations due to rumen fluid source, two groups of 
three steers each were used in rotation as rumen fluid donors for the 
103 
1965 correlation trials. In view of the changes in fermentation pro­
cedure initiated in 1965 it is difficult to assess the contribution of 
a more consistent rumen fluid to the establishment of the high correlation 
between bloat and a values found in the 1965 trials. When a value was 
I 
plotted against bloat score there was no apparent effect due to rumen 
fluid source as had been evident in a similar plot of data from the latter 
part of the summer, 1964. However, when average foam stability (average 
IVI during time for the 1965 trials was plotted vs. bloat score a 
difference between the two groups of donors was seen. 
The foam stability index is somewhat an empirical calculation in 
that this particular mathematical manipulation of vitro fermentation 
measurements resulted in the highest correlation with bloat score. The 
dangers in such a procedure are obvious. However, the foam stability 
index does have a logical basis. First, the objective is to measure 
foam stability independent of variations in rate of gas production. 
Other workers (Mangan (1958), Nichols (1959), Pressey ejt al^ . (1963b), 
Shinozaki e^  aj^ . (1962a)) have solved this problem simply by introducing 
a constant flow of gas into the test solution. In the 1965 trials, IVI 
values recorded prior to the occurrence of maximum ingesta volume were 
not used because they were directly related to volume of gas produced 
up to that particular time, i.e., perfect foam stability was manifested. 
After reaching maximum ingesta volume, however, the effect of gas pro­
duction on IVI is quite^ probably a function similar to the square root 
of gas production. The precise nature of this function should be deter­
mined in future work by introducing varying rates of gas into an in­
activated mixture of rumen fluid and alfalfa substrate. An error of 
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unknown magnitude in the FSI calculation is the inherent assumption that 
ingesta volume will return to its original value should gas production 
cease. Observations indicate that such an assumption is not entirely 
valid because of the tendency of fibrous plant material to float. 
For the 1964 trials, maximum ingesta volume was used as an indi-
cator of foam stability for reasons already discussed in the previous 
chapter. Although maximum ingesta volume did not correlate well with 
the occurrence of bloat in the 1964 trials, it was apparently capable of 
revealing gross differences in foam stability. 
It would seem reasonable to assume that the viscosity of rumen 
fluid used for the vitro fermentations would have a major influence 
on the foam stability. Gross observation led to the conclusion that 
viscosity of rumen fluid tends to increase with bloat severity. Such a 
conclusion is supported by the work of Blake (1955) and Johnson (1959), 
although Brown's data (1959) did not show a relationship between rumen 
fluid viscosity and bloat. Thus, an unknown portion of the relationship 
between FSI and bloat severity could be mediated by rumen fluid viscosity 
changes. However, the low 1964 correlation between bloat score and maxi­
mum ingesta volume does not support such a conclusion. 
Although average daily maximum bloat scores were used as the standard 
for judging the success of the ^  vitro fermentation technique, they fall 
considerably short of the ideal because of their definite upper limit, a 
limit which may be associated with a wide range of values for factors 
which cause bloat. In other words, the limitation on bloat scores 
imposed by treatment at a score of 3, or by death, prevents the full 
biological expression of those factors which cause bloat. Hence, even 
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if the present vitro technique or any other laboratory procedure were 
a perfect indicator of the level of factors which influence bloat, an 
\ 
exceptionally high correlation with bloat occurrence and severity could 
not be expected. 
There has been some speculation as to the relative importance of 
gas production and foam stability in the bloat syndrome (Cole and 
Boda (I960)). The results of the 1965 trials indicate that they are 
of equal significance. 
Though the correlation coefficients found between bloat scores and 
in vitro measurements in the 1965 trials are the highest yet reported, 
the value of results of this vitro method as a tool in the study of 
bloat etiology depends to a considerable extent upon their independence 
from the diet of the rumen fluid donor. That the results obtained are 
truly independent of the rumen fluid source remains to be demonstrated. 
Fresh vs. dried soilage diets 
A total of 44 trials involving two pairs of fistulated steers were 
conducted in which rumen fluid from one steer receiving fresh alfalfa 
soilage was compared to rumen fluid from a second steer which was fed 
oven-dried soilage in factorial with a wide range of treatments. All 
the differences detected between rumen fluid sources were attributable 
to the animals involved rather than to diets. Even in the one series of 
I 
trials (alfalfa vs. crown vetch) where an interaction between rumen 
fluid sources and plant species was evidenced, the effect may have been 
due to animal variation rather than diets. The nature of the inter­
action in this case was one of magnitude rather than reversal of 
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differences between the plant species and, therefore, does not seriously 
detract from the conclusion that drying the diet of the rumen fluid 
donor does not affect the capacity of the in vitro fermentation technique 
to detect treatment differences. It does not necessarily indicate, 
though, that diet of the rumen fluid donor has no effect upon the signifi­
cance of vitro results. From the standpoint of vitro results, 
alfalfa hay should be just as acceptable as a diet for the rumen fluid 
donor as the same material fed as soilage. 
Four-inch alfalfa tops vs. a lower portion of the plant 
The observation has frequently been made that alfalfa tops are 
more bloat provocative than lower parts of the plant. The results of 
in vitro trials conducted to demonstrate such a difference were highly 
variable for the six series of trials in which the lower portion was 
represented by a segment 4-10 inches from the top of the plant. 
However, in the six 1965 series in which the lower portion of plant 
was below 7-9 inches from the top, 4-inch tops produced significantly 
(P < .05) more gas in all experiments and in only one series of four 
trials failed to cause significantly higher (P < .05) FSI values. 
Apparently, much of the segment 4-10 inches from the top of the plant 
has a concentration of readily metabolizable and foam stabilizing com­
pounds similar to that of 4-inch tops. Thus, the results were extremely 
dependent upon physiological variations within the alfalfa plants. 
The later results support the hypothesis that the bloat causative 
agents in legumes are found in higher concentration in the less fibrous 
portion of the plant. This is in agreement with the results of Boda 
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and Johns (1962) while contradicting the conclusions of Conrad et al. 
(1958), 
Leaves vs. stems 
The purpose of two other series of trials in which leaves and 
stems of alfalfa were compared was to further define the primary 
location of factors responsible for the occurrence of bloat. The 
results of the series of eight trials using the leaves and stems below 
8 inches from the top of bloom-stage plants are consistent with the 
more generally accepted view that the bloat provocative principle is 
primarily in the leaves of alfalfa. Thus, the differences found be­
tween the top and lower portions of the alfalfa plant are quite probably 
a function of the ratio of leaf to stem in each portion. 
At first glance the results of trials comparing leaves and stems 
of the top 8 inches of mature and bud-stage alfalfa appear to defy an 
interpretation consistent with conventional concepts. Mature legumes 
are considered much less bloat provocative than when in the vegetative 
state. Yet in these trials the mature "leaf" fraction exhibited both 
the highest gas production and foam stability while the mature stems 
had the lowest values. However, in view of the low percentage of leaf 
on mature plants and a generally low intake of this type of forage, 
these results are not at all inconsistent with the low bloat potential 
of mature legumes. 
The rather unique results obtained with the bud-stage alfalfa 
can be explained on the basis of simultaneous observations by 
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Stifel . Samples of the bud-stage alfalfa taken by him for electron 
micrograph study revealed unusually large lipid bodies within the 
chloroplasts of the leaves. Stifel^  also found that the lipidzprotein 
ratio was very high in the leaves of the bud-stage alfalfa. In view 
of Stifel's observations and the evidence that chloroplastic lipids are 
strong anti-foamers, the bud-stage leaves would be expected to have a 
lower foam stability as was demonstrated in the vitro trials. Thus, 
the factors which influence legume bloat occurrence, both positively 
and negatively, appear to reside primarily in the leaves, although 
further work of this nature should be done with tops of rapidly-growing 
alfalfa. 
Alfalfa vs. crown vetch or bromegrass 
The difference in in vitro gas production between alfalfa and crown 
vetch was very similar to vitro fermentation differences found by 
Pounden ejt al^ . (1959) between alfalfa and birdsfoot trefoil and by 
Shinozaki et al. (1957) between Ladino or red clover and birdsfoot 
trefoil. In each case the gas production of the bloat-provocative 
legume was approximately 50 per cent higher than for the non-bloat 
legume. The low FSI of crown vetch in the present experiment indicates 
that the non-bloat nature of this legume is not only due to a reduced 
gas production but to a lower concentration of foam stabilizing agents 
as well. 
S^tifel, F. B., Department of Animal Science, Iowa State University 
of Science and Technology, Ames, Iowa. Chloroplastic lipid:protein ratios 
of alfalfa leaves. Private Communication. 1965. 
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Although the FSI values for bromegrass were as high as those found 
for alfalfa, they are biased upward by the extremely low gas production 
of the bromegrass. With very low gas productions, the inadequacy of the 
gas correction term used in FSI calculation becomes quite apparent. 
Shinozaki et al. (1957) found that orchard grass produced slightly more 
than 50 per cent as much gas as Ladino clover while Pounden al. (1959) 
obtained two-thirds as much gas from orchard grass as from alfalfa or 
Ladino clover. Considering the probable variations in plant material 
and procedure, these values are in good agreement with the present 
results. The alfalfa-bromegrass comparisons can only be considered 
preliminary as is the case for the vegetative vs mature alfalfa com­
parisons. 
Effect of various additives on in vitro fermentât ion results 
Administration of STEP to the rumen fluid source and/or addition 
to rumen fluid The results of the STEP trials were in agreement with 
many reports concerning the effects and action of penicillin or STEP. 
The reduction in in vitro gas evolution for approximately 10 days after 
the initiation of STEP administration coincides very closely with the 
in vitro results obtained by Miller and Jacobson (1962) who administered 
penicillin to fistulated steers at the rate of 200 mg/lOOO lb body 
weight daily. These workers also observed that the stable IVI dif­
ference between rumen fluid from control and penicillin-treated animals 
tended to decline after a similar period of administration. The FSI 
values of the present trials confirm those observations. Mangan et al. 
(1959) also noted a reduction in gas production due to penicillin 
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administration while McGilliard and Van Horn (1962), using levels of 
rumen volatile fatty acids as an indicator of fermentation rates, noted 
a 5-day depression in volatile fatty acid levels due to STEP adminis­
tration. 
Van Horn ^  al. (1963) reported symptoms ranging from mildly 
depressed appetite to loss of appetite and severe diarrhea at the 
initiation of STEP administration to animals on a high grain diet 
while animals on a high hay diet manifested none of these effects. 
When STEP administration was begun to #5333 in the first period, a 
definite effect on intake was noted. Although feed intake of #5324 was 
also low during the second STEP administration, the reduction was prob­
ably due to other, unknown factors. Hence, the presence of a STEP 
effect on intake in the second and third comparison periods is doubtful. 
At the time that STEP administration was begun in the first comparison 
period, very succulent pre-bud alfalfa was being fed. Quite likely this 
forage had a nutrient concentration similar to that of the diet on which 
Van Horn et al. (1963) observed an intake depression. On the basis of 
degree of rumen fill, the intake depression observed in the present 
investigations is believed to be due to a drastically reduced fermen­
tation rate. 
Mangan et (1959) noted that the rumen fluid of a penicillin-
treated animal turned in color from a dark green, characteristic of 
clover diets, to a brown color. These workers tended to regard this 
phenomenon as an indication of the inhibition of microbial attack on 
chloroplasts. These same color changes in rumen fluid were noted in the 
present trials when STEP administration was begun. 
Ill 
In the trials involving ^  vitro STEP addition to the rumen fluid, 
it was found that with rumen fluid from the control steer the effect of 
in vitro STEP addition on gas production increased from pre- to post-
administration trials while with rumen fluid from the STEP-treated steer 
the effect of STEP addition decreased. This phenomenon was expressed 
as a statistically significant interaction in the second comparison 
period, and, although it was present in the third period, a high experi­
mental error prevented it from being a significant (P < .10) effect. 
These observations are interpreted as follows: In the case of rumen 
fluid from the control steer, microbial nutrient storage had declined 
between the times of fluid collection for the pre- and post-administration 
trials causing the rumen microorganisms to be more susceptible to the 
action of antibiotics in the post-administrâtion trials. In the STEP-
treated steer those microorganisms affected by antibiotics increase in 
activity with time after STEP administration. Thus, in the pre-
administration trials these microorganisms are inhibited by the in vitro 
addition of STEP, while STEP addition brought about little further 
inhibition in post-administration trials. 
Unfortunately, it was not until the second comparison period had 
been initiated that the existence of a diurnal effect, as measured from 
the time of STEP administration, upon in vitro results was detected, and 
procedural changes were made to measure this effect. The standardization 
period between the second and third STEP administration periods was 
considered too short but was necessitated by the approaching departure 
of student labor used in the summer projects. Hence, the experiments 
concerning the addition of STEP ija vitro as well as vivo will need 
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to be repeated before the proposed interpretation of the results can be 
considered anything other than a hypothesis. 
Effect of Polyclar L addition Polyclar L seems to have had no 
effect on either gas production or foam stability. It was thought that 
a higher concentration of protein-complexing compounds might be present 
in the bloom-stage than in the bud-stage alfalfa. Thus a differential 
response in FSI values of the two alfalfas in the presence of Polyclar L 
would be expected. No such interaction was observed, however. These 
trials are considered exploratory, and conclusions regarding the hypo­
thetical basis for the trials are not warranted. 
Effect of Schenley's defoamer #LB1050 The increased gas pro­
duction due to Schenley's defoamer may indicate that a portion of it 
was metabolized during the in vitro fermentation. Its effect on maximum 
ingesta volume was as would have been expected in view of the oily nature 
of this product. Whether its action is similar to that of other oils 
found effective in bloat control is not known. Stifel^  found that the 
amount needed for successful treatment of bloat in lambs was of the same 
order as the amount of crude soybean oil commonly used for bloat 
treatment at this station. 
Effect of adding alfalfa saponin Although saponins are known to 
be foaming agents, additional alfalfa saponin had no significant effect 
on the maximum ingesta volume of fresh alfalfa fermented vitro. Part 
of the added saponin was metabolized by rumen microorganisms as indicated 
S^tifel, F. B., Department of Animal Science, Iowa State University 
of Science and Technology, Ames, Iowa. Use of Schenley's #LB1050 for 
treating bloat in lambs. Private Communication. 1964. 
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by the linear increase in gas production with increases in added saponin. 
These trials support the more recent conclusions that saponins do not 
significantly contribute to the occurrence of bloat. 
Saliva vs. artificial saliva 
The amount of artificial saliva used in the 1955 trials was con­
sidered to be somewhat above physiological levels. The work of Mendel 
and Boda (1961) indicated that saliva secretion was approximately equal 
to alfalfa soilage intake. However, the saliva used in the comparisons 
with artificial saliva was more dilute than has been reported by some 
workers (Lyttleton (1960), Van Horn and Hartley (1961)) somewhat off­
setting the physiologically high amounts of saliva used. The higher 
FSI values for saliva as opposed to artificial saliva do not support 
the hypothesis of Bartley and associates (Van Horn and Bartley (1961), 
Bartley and Yadava (1961), Fina £t al. (1961), Meyer et al. (1964)) that 
salivary mucins reduce foam stability and, thereby, inhibit bloat occur­
rence. These workers gain much of the support for their hypothesis from 
observations that certain animal mucins as well as saliva were effective 
in reducing in vitro frothing of rumen contents (Van Horn and Bartley 
(1961)) and that animal mucins administered at high levels prevented 
bloat for a short period of time (Bartley and Yadava (1961)). Assuming 
a mucin concentration of 1 mg/ml of saliva, a saliva equivalent in excess 
of 40 liters was necessary to attain any degree of bloat inhibition in 
their trials. The only apparent explanation for the opposing results 
obtained in the present trials is the much lower mucin concentration 
used in these trials, a concentration which should be much closer to 
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physiological levels than that used by Bartley and Yadava (1961). It 
is possible that the pH of the vitro fermentations of the present 
study was enough higher than that normally found in the rumen to bring 
about the stabilization of mucin foams. Mangan (1959) has reported 
that the foam stability of salivary mucins rises sharply above pH. 7. 
Although pH determinations were not made in the saliva comparison 
trials, a pH that high has never been encountered when alfalfa was 
fermented in vitro. Further work is needed to resolve the disparity 
of results. 
Effect of freezing and thawing the alfalfa substrate 
The marked increase in gas evolution of frozen and thawed alfalfa 
over refrigerated alfalfa was probably due to the rupture of plant cells 
by large ice crystals formed in the slow freezing process. If this is 
the case, then rapid freezing may have little, if any, effect upon 
in vitro gas production. This question remains to be answered. 
An important aspect of the increase in gas evolution due to freezing 
is that the response was greater for the lower plant portion than for 
the 4-inch tops. However, freezing increased maximum ingesta volume of 
the 4-inch tops while having little effect upon the next 6 inches of the 
plant. These interaction effects, although statistically non-significant 
in this case, could lead to erroneous conclusions if slowly-frozen plant 
material was used extensively. 
Rumen pressure measurements 
The bloat severity scale described by Johnson e]t al. (1958) is an 
attempt to circumvent the use of awkward instrumentation such as the 
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tjraipanometer developed by Kleiber (1945) while retaining as much accuracy 
as possible for estimating the degree of bloat. It was indeed gratifying 
to learn from these trials that an experienced technician can estimate 
pressures within the rumen rather closely. Lindahl et al. (1957), also 
using a five-point bloat scale, measured rumen pressures and found a 
pressure range for each point in the scale which corresponds closely to 
the pressure ranges found in the present trials. Boda et^ al. ( 1 9 5 6 )  
reported tympanometer readings and observations on bloat symptoms made 
during the sequence of events leading to the death of a cow from bloat. 
Judging from the symptoms coinciding to various tympanometer readings, 
there appears to be a close parallel between bloat symptoms and rumen 
pressures in the present study and bloat symptoms and tympanometer 
readings in the work of Boda et al. (1956). Thus, little accuracy appears 
to be lost in exchange for precious time when visual and palpation methods 
are used instead of more cumbersome methods to score bloat in a large 
number of bloated cattle. 
The cause of the bloat which occurred in both steers in this experi­
ment after having been fasted 17 hr is somewhat a mystery. Considering 
the period of fast involved, the pH of rumen contents in these steers 
could have been high enough to stabilize the foaming of salivary mucins 
(Mangan (1959)). Succulent, bloat-provocative alfalfa had been fed to 
these animals for several days previously. Under similar conditions of 
diet and fasting, the gas production of rumen fluid alone had previously 
been found considerably higher than usual. Thus, a sufficient rate of 
gas production may have been present to create a foam. Also, conditions 
just before the appearance of bloat symptoms were such that increased 
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salivation by these animals would be expected. Neighboring animals were 
fed succulent alfalfa which was being weighed immediately in front of 
the fasted steers. Obviously, the evidence for this interpretation is 
circumstantial and should be regarded accordingly. 
Poloxalene Investigations 
Efficacy of poloxalene for prevention of bloat 
Dairy steer trial The excellent bloat control in the 1964 
trial with dairy steers was very similar to that reported subsequently 
by Bartley (1965) for fistulated twin cows, Hartley £t al. (1965) for 
commercial dairy herds, and by Essig et al. (1966b) and Foot et al. (1966) 
for beef steers. The use of tallow to mask the taste of poloxalene was 
not entirely successful since the tallow itself was objectionable to 
some animals as evidenced by the 5.1 per cent refusals in the control 
group, a refusal rate higher than would be expected for ground corn 
alone. When the poloxalene was adsorbed onto vermiculite and coated 
with soybean lecithin, no significant palatability problem was encountered. 
On the hypothesis that a bloated condition reduces feed-intake, 
weight gains for the poloxalene group might be expected to be greater 
than for controls, at least when controls were bloated. However, the 
patterns of weight gain for the two groups indicated that was not the 
case. 
Lamb trial Although poloxalene significantly reduced the occur­
rence of bloat in all the treated groups, bloat severity was not high 
enough to provide a critical test of the level of poloxalene necessary 
for good control. As in the cattle trial, bloat that occurred in the 
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groups receiving poloxalene in grain pellets was generally attributable 
to animals which refused to eat the poloxalene supplement. Undoubtedly, 
there were also unobserved refusals of the poloxalene block. It is 
somewhat surprising that poloxalene offered in block form provided as 
good control as the grain supplements. Foot et al. (1966) reported 
large variations in consumption of a similar poloxalene-containing 
block by beef steers. Further work is being conducted with lambs in 
order to more conclusively define amounts of poloxalene necessary for 
bloat control. 
The slightly lower gain of lambs in the block group can be explained 
in terms of the grain supplement received by the other groups, the 
soilage intake of all groups being practically the same. 
Effect of poloxalene on rumen fluid characteristics of cattle 
There is little doubt that the bloat-preventive action of poloxalene 
is mediated entirely through its effect on foam stability since gas pro­
duction appears to be slightly increased if changed at all. The absence 
of an effect on gas production agrees with the results of Helmer ejt al. 
(1965) who found that poloxalene had no effect upon the level of rumen 
fluid metabolites or vitro cellulose digestion. Even in the 1965 
trials when poor quality alfalfa was fed and used as substrate in the 
fermentation trials, the effect of poloxalene on foam stability was 
statistically significant. Although poloxalene also lowered surface 
tension of rumen fluid, its effect on foam stability may not have been 
due to the effect on surface tension. Shinozaki et al. (1963) reported 
that a poloxalene-related compound (pronon) also reduced the foaming 
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power and surface tension of rumen fluid when fed to sheep. 
If one accepts surface-denaturable proteins as the primary cause 
of legume bloat, the action of poloxalene may logically be hypothesized 
as being a displacement of protein molecules from the gas-liquid inter­
faces of foam and the consequent disruption of the high surface viscosi­
ties associated with protein foams. The streaming action first noted in 
the poloxalene-containing fermentation tubes of the 1964 trials was very 
likely a result of lowered rumen fluid surface tension. 
Effect of poloxalene on growth of lambs and dairy calves 
Poloxalene had no detectable effect upon the growth of lambs in the 
56-day fattening trial. Also, there was no significant effect upon in­
take of soilage by dairy steers or of alfalfa pellets or grain by Holstein 
calves. This concurs with the results of Helmer et al. (1965) who found 
that poloxalene had no effect upon milk production, feed intake or general 
health of dairy cows. Likewise, Leaf et^  £l. (1966) reported that poloxa­
lene had no effect upon the growth of rats except at very high levels 
which reduced intake. 
The effect of poloxalene on growth of calves is not conclusive, 
however. The analysis of preliminary data for four males and six females 
in each group at 18 weeks of age revealed a significant depression of 
growth in the group receiving 4 g poloxalene per 100 lb body weight daily 
even after adjustments for differences in intake had been made. At this 
point digestion trials were initiated to help interpret the growth de­
pression revealed by the preliminary analysis. While the digestion 
trials subsequently showed that the 4-g level of poloxalene significantly 
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depressed dry matter digestibility, the final analysis of the growth 
trial data was not able to detect a significant difference in weight 
gain after adjusting for feed intake and scours. Adjusting weight gains 
for feed intake and scours is valid in this case since treatments did 
not have a statistically significant effect on either parameter. The 
difference in weight gain between the 4-g and control groups was actually 
no greater at the end of the trial (26 weeks) than it was at 18 weeks 
of age, and the adjusted weight gain difference was cut in half during 
the final 8 weeks of the trial. Thus, whatever growth suppressing effect 
poloxalene exerted seems to have disappeared or to have been compensated 
by 18 weeks of age. 
Oxford (1959) reported that Pluronic L62, a compound closely related 
to poloxalene, above a concentration of 0.05 per cent in rumen fluid 
killed almost all of the oligotrich ciliates while the holotrichs and 
isotrichs were somewhat more resistant. No effect was noted upon the 
bacterial population. Oxford (1959) also found that administration of 
25 ml and then 50 ml of L62 daily to a cow resulted in a marked reduction 
in the concentration of protozoa found in the rumen. It is known that 
the size of the rumen of the 6-week-old calf is increasing with respect 
to total body weight. Thus, an interpretation of the growth data 
developes. 
At 6 weeks of age the 4-g level of poloxalene had a marked detri­
mental effect upon the ciliate population, an effect which was being 
constantly diminished through dilution as the calf matured. At this 
time and for the next 8 weeks the diet of the calves in this experiment 
contained more than 75 per cent concentrate. Utilization of the starch 
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and sugar in the grain by bacteria rather than by protozoa represented 
a reduced energy supply to the 4-g calves and therefore, reduced weight 
gain. Since gut capacity was probably the intake-limiting factor in 
this trial, no additional feed was consumed to compensate for the reduced 
efficiency of energy utilization. Rather, total feed intake was less 
than for controls because of smaller body size. By 18 weeks of age the 
effect of poloxalene, because of dilution, may have diminished consid­
erably, and/or the potential increase in energy supply which protozoa 
could have effected represented a much smaller percentage of the total 
energy supply. 
This interpretation of the data does not take into account the lower 
dry matter digestibility demonstrated by the 4-g group. It is interesting 
to note that the average weight gain for the 4-g group, adjusted for both 
feed intake and dry matter digestibility, is nearly identical to that of 
the control group. 
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SUMMARY 
An vitro fermentation technique was developed which measures 
gas evolution and ingesta volume during a 3-hr incubation of a 25-g 
sample of fresh plant material with 150 ml of rumen fluid. These 
measurements appeared relatively sensitive to changes in those con­
stituents of alfalfa which influence the occurrence of bloat in cattle. 
Summary statements for a variety of vitro comparisons are given below. 
One of the purposes of comparisons involving recognized differences in 
bloat potential was to test the response of the vitro technique. 
1. Drying the diet of the rumen fluid donor as opposed to 
a diet of fresh plant material did not affect vitro 
results. This is not to say that results are independent 
of diet, however. 
2. Slow freezing of substrate material resulted in a variable 
increase in gas evolution and ingesta volume depending 
on the plant fraction involved. 
3. Added alfalfa saponin failed to increase ingesta volume. 
4. Reduction of substrate particle size increased gas 
evolution and ingesta volume. 
5. Four-inch alfalfa tops provided a higher gas production 
and foam stability than a lower segment of the plant. 
6. Gas production and foam stability were much lower for 
crown vetch than for alfalfa. 
7. Under normal growing conditions, leaves of alfalfa had a 
higher gas production and foam stability than alfalfa stems. 
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8. Salivary mucins appeared to increase foam stability 
while having no effect on gas evolution. 
9. A combination of antibiotics administered daily to the 
rumen fluid donor decreased gas production and foam 
stability for a period of about 10 days. 
10. Poloxalene administered to the rumen fluid donor 
decreased ingesta volume as well as surface tension 
of the rumen fluid. 
Measurement of intra-ruminal pressures in bloated steers confirmed 
the reliability of the bloat scoring system used in this research. 
Poloxalene was found to be highly effective as a bloat preventive 
in cattle while results with lambs were less conclusive. No effect on 
feed intake was noted. However, high levels of poloxalene did reduce 
dry matter digestibility by 6-month-old Holstein males and growth of 
Holstein calves between 6 and 18 weeks of age. 
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APPENDIX 
Table 22. Average morning and daily bloat scores, a, values and maximum 
ingesta volume values obtained in the 1964 correlation trials 
in which the chemically-defined standard was used 
I 
Avg. bloat score a FSI 
Non- Non-
a.m. daily Bloater bloater Bloater bloater 
6-10-64 0.00 1.06 0.99 0,80 265 265 
6-11-64 0.00 0.29 0.74 0,76 257 228 
6-12-64 0,00 0.41 1.18 0.97 223 220 
6-25-64 0.123 0.29 0.83 0.81 277 260 
6-27-64 1.24 1.24 1.06 0,88 252 ' 223 
6-29-64 0,63 0.63 0.77 0.69 310 252 
6-30-64 0,31 0.38 1.21 236 
7-2-64 0.31 0.44 0,69 294 
7-3-64 0.44* 0.44 1,18 1,18 280 269 
7-6-64 0,60 0.60 0.79 0,86 287 274 
7-7-64 0.27 0.73 0.59 0.59 347 273 
7-8-64 0.73 0,87 0.82 1.02 293 232 
7-9-64 1.00 1-40 1,21 229 
7-10-64 1.13 1.27 1.00 236 
7-13-64 1.40 1.47 0.71 0.85 301 252 
7-14-64 1.07 1.13 0,82 252 
A^fternoon average bloat score to correspond to the time of the 
in vitro trial. 
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Table 23. Average morning and daily bloat scores and a values for 1964 
correlation trials in which the ground alfalfa standard 
was used 
Average bloat score 
Date a 
a.m. daily 
8-11-64 0.06 0,13 0.93 
8-12-64 0.00 0,25 0.91 
8-13-64 0,63 1.50 0.58 
8-14-64 0.88 1.13 1.04 
8-15-64 0.63 0.81 0.85 
8-17-64 0.88 0,88 0.93 
8-18-64 0.38 0.56 0.95 
8-19-64 0.00 0.06 0.90 
8-21-64 0.00 0.06 1.01 
8-31-64 0.44 0.44 1,07 
9-1-64 0.38 0.38 0.88 
9-2-64 0.13 0.13 1.02 
9-3-64 0.25 0.25 0,80 
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Table 24. Total morning and daily bloat scores, a, values and foam 
stability index (FSI) values used to derive the 1965 
correlations 
Total bloat score 
Date 
a.m. daily 
a FSI 
6-2-65 1 3 1.333 6,74 
6-3-65 5 5 1.220 6.83 
6-4-65 6 6 1.203 8.16 
6-9-65 3 3 1.229 5.04 
6-10-65 1 1 1.245 6.03 
6-14-65 0^  0 1.061 4.24 
6-18-65 0 0 1.321 5.86 
6-21-65 0 0 1,168 4.40 
6-25-65 0 0 1,002 4.11 
6-28-65 6 9 1.101 10.91 
6-30-65 9 14 1.222 10.12 
7-2-65 32 34 1.284 12.87 
7-3-65 20 31 1.322 7.17 
7-5-65 27 33 1.538 12.49 
7-7-65 26 35 1.489 8,08 
7-8-65 31 38 1.456 12,26 
7-9-65 27 31 1.365 10,81 
7-13-65 4 4 1.238 7,70 
7-16-65 0 0 1,169 8.79 
7-20-65 0 0 1.123 3.55 
7-27-65 0 0 0.980 4.43 
8-2-65 0 0 1.199 5.43 
8-6-65 0 0 1.040 3,76 
8-9-65 0 0 0,859 4.43 
D^ays with 0 bloat score were not used in the correlation 
calculations. 
Table 25. Average cumulative body weight gain and consumption of starter concentrate and alfalfa 
pellets during a 20-week trial measuring the effect of poloxalene on growth of dairy 
calves 
Weeks on trial Cumulative Weekly Weekly 
weight gain starter consumption pellet consumption 
Qa a^ a^ a^ a^ 
1 9.3 10.1 4.6 23.9 26.6 24.7 5.4 2.3 2.0 
2 22.0 21.2 16.7 28.9 31.6 29,4 5.9 3.4 2.5 
3 35.9 34.6 27. 1 32.7 34.7 33.5 7.5 4.6 3.9 
4 49.2 48.5 38.6 35,9 39.2 35. 1 7.8 5,8 5.0 
5 63.8 64.6 52. 1 38.6 39.7 36.0 11.2 7.9 6.5 
6 78.5 80.8 61.9 40,2 41.3 37,1 13,0 11.2 9.4 
7 96.3 93,4 78.5 41.0 41.1 40.7 16,5 15.1 11,5 
8 111. 1 111.8 94.3 41.0 41.3 41.8 19,9 17.4 15.8 
9 128.3 128.3 110.7 40.9 41.6 41,8 21.0 24,4 19,3 
10 146.5 145.4 127.7 41.8 41.9 41.9 27,4 30,1 25,3 
11 168.8 167.5 143.6 41.4 42.0 41.2 32,2 35.3 29.1 
12 183.8 178,4 159.2 41.4 42.0 40.9 38,0 37,0 31.7 
13 200.8 200.0 177.7 40.8 41.6 41.6 39,4 40.8 37.2 
14 218.1 215.4 187.9 40.7 42.0 40.4 24,6 45.6 38.8 
15 234.8 232.8 208.7 41.4 42.0 40.4 47,4 49.1 46.0 
16 261.5 255.5 227.6 39,6 42.0 41.1 55,2 56, 1 48,7 
17 281.1 273.9 253.3 41,6 42.0 40.8 55,0 59,6 52,6 
18 292.4 292.9 265.6 41.8 42.0 40,5 57,8 59.8 54,8 
19 312.7 305.5 285.7 41.6 41.8 41.0 61.6 60. 1 59,4 
20 326.2 326.1 302.3 41.8 41.9 40,6 60.3 68.4 58.6 
G^rams of poloxalene fed daily per 100 lb body weight. Each group consisted of six Holstein 
males and six Holstein females except that the 4-g group had only five males. 
